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May 4th, 2005, PSV – AC Milan, second leg semi-final Champions League:
After a 2-0 loss in Milan, nobody believed in the chances of PSV to reach the Champions 
League final. However, the 35100 spectators in the stadium and millions of television-
watching soccer fans saw PSV playing a great match in this home leg. Park scored the 1-0 
in the beginning of the match and Cocu scored the equalizer (i.e. 2-0) in the second half. 
PSV continued to dominate the match and had the best claim to progress to the final, but 
no goals were scored until the last minute of the match. In the 90th minute, AC Milan-player 
Ambrosini passed the ball to Kaladze on the left of the field. Van Bommel tried to intercept 
Ambrosini’s pass but seemed to be fatigued. After his missed interception, Van Bommel did 
not cover Ambrosini on his run to the goal. Kaká received the ball from Kaladze and gave a 
cross to Ambrosini, who scored—completely uncovered—with a header. Not much later, 
the referee blew the final whistle and AC Milan proceeded to the final of the Champions 
League. PSV was out.
This specific moment in the match PSV-AC Milan is just one example that illustrates the 
large consequences that fatigue can have in soccer. After 90 minutes of high-intensity 
game play, fatigue can be severe and might have negatively affected Van Bommel’s 
performance, preventing PSV from progressing to the Champions League final. The 
purpose of this dissertation is to provide more insight in fatigue in competitive soccer 
and to examine its potential impact on performance.
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BACKGROUND
Soccer
Soccer is the most popular sport in the world. In 2006, 265 million people played soccer 
and this number is expected to increase with the increasing popularity of women’s 
soccer (FIFA, 2007). The popularity of soccer is further emphasized by the large television 
audience of soccer matches. The 2014 FIFA World Cup in Brazil was broadcasted in 207 
countries and reached 3.2 billion people (Kantar Media, 2014). Soccer’s popularity is also 
reflected in its enormous economic value. For example, the gross commercial value of 
the UEFA Champions League and Europe League is €2.35 billion (UEFA, 2016), individual 
soccer players’ value on the transfer market recently reached a peak of €222 million (FC 
Barcelona, 2017), and sponsor deals of more than €50 million per year are no exception 
(Forbes, 2016). In sum, the interests are large in professional soccer.
Soccer performance is ultimately measured by the ability of two teams to drive 
the ball in the opponent team’s goal. With the exception of goalkeepers, players are 
not allowed to touch the ball with their hands and, consequently, they have to control 
the ball with their legs, chest, and head. As such, motor skills (e.g. controlling the ball) 
are an important aspect of soccer performance. At the same time, physical ability is 
also of interest, as soccer players require strength, agility, speed, and endurance to cope 
with the demands of a high-intensity soccer game (Turner & Stewart, 2014). Besides 
physical ability and motor skills, cognitive functions such as perception and decision 
making are essential (Knicker, Renshaw, Oldham, & Cairns, 2011; Vestberg, Gustafson, 
Maurex, Ingvar, & Petrovic, 2012). For example, perception is important for anticipation 
of an opponent’s actions (e.g. shooting direction or tactical choice) (Williams, Janelle, & 
Davids, 2004), judging ball velocity (Williams et al., 2004), and in the online control of 
shooting at a target (Williams et al., 2004). Also, players have to choose continuously 
which actions to perform during a match, e.g. to shoot, pass, or dribble, to take position, 
to whom to play the ball, and whether to intercept a pass or not. All in all, soccer involves 
a lot of different tasks and both physical and cognitive ability may influence a player’s or 
team’s total soccer performance.
Fatigue
Everybody will recognize the feeling of fatigue after having been active for a prolonged 
amount of time. Although fatigue is a common phenomenon in daily life (Hockey, 
2013; Schwarz, Krauss, & Hinz, 2003), it is a complex and heterogeneous concept that 
could apply to changes in the feeling of energy, emotions, motivation, and behaviour 
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(Buckworth, Dishman, O'Connor, & Tomporowski, 2013). More specifically, in sports 
science, fatigue could refer to its sensations, the failure of a system, reduced muscle 
power, and associated psychological, physiological, and biomechanical events (Abbiss 
& Laursen, 2007). Integrating all these viewpoints, Enoka and Duchateau (2016) recently 
described a framework in which they emphasize that fatigue comprises both i) an 
objectively measured decline in performance depending on contractile capabilities 
of involved muscles and the capacity of the central nervous system to activate the 
muscles, and ii) changes in sensations regulating an individual’s integrity based on 
the maintenance of homeostasis and an individual’s psychological state. In line with 
their ideas, we define fatigue as a psycho-physiological state that is characterized by 
physiological changes that could negatively affect performance as well as feelings of 
low energy and a reduced willingness to exert effort (Enoka & Duchateau, 2016; Hockey, 
2013).
In sports, fatigue is generally thought to originate from performing mental or 
physical activities (i.e. workload). Many sports—including soccer—have high physical 
and mental demands, which could cause fatigue. However, besides workload, an 
individual’s capacity to deal with this workload (i.e. performance capacity) also plays 
a role in the development of fatigue (Meijman & Mulder, 1998). This idea is supported 
by research that shows a negative relation between performance capacity and the 
development of fatigue. That is, high physical capacity, positive mood, high subjective 
well-being and good sleep quality have all been related to low fatigue and/or improved 
performance (Cockerill, Nevill, & Lyons, 1991; Edwards & Waterhouse, 2009; Gallo, 
Cormack, Gabbett, & Lorenzen, 2016; Ihsan et al., 2017; Rampinini et al., 2008). Based 
on these findings, both (high) workload and (low) performance capacity are thought to 
contribute to the development of fatigue in soccer.
To assess fatigue, different methods have been used. Many studies see the 
inability to sustain a certain level of performance as an indication of fatigue, but these 
measurements do not assess the phenomenon of fatigue but rather just one of its 
attributes (i.e. performance decrements). To provide insight in the intensity of fatigue, 
self-report measures are required in which individuals interpret their own physiological 
and psychological state (Enoka & Duchateau, 2016).
In soccer, players’ levels of fatigue during competitive matches are not often 
reported. However, studies performing a season-long assessment of players’ level 
of perceived exertion after competitive matches indicate high levels of fatigue (i.e., 
showing average scores between 6.4 and 7.4 on a Borg CR10 scale indicating ‘very 
hard’) (Los Arcos, Mendez-Villanueva, Yanci, & Martinez-Santos, 2016; Los Arcos, Yanci, 
Mendiguchia, & Gorostiaga, 2014). Similarly, rates of perceived exertion after playing a 
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single practice match were reported to be 7.5 (indicating ‘very hard’) (Rampinini et al., 
2011), while playing half a match was rated 5.0-5.7 (indicating ‘hard’) (Rampinini et al., 
2008).
FATIGUE AND PERFORMANCE
History
As fatigue is generally recognized as a phenomenon that could limit performance 
(Åstrand, Rodahl, Dahl, & Strømme, 2003; Barry & Enoka, 2007; Enoka & Stuart, 1992; 
Hockey, 2013; Hornery, Farrow, Mujika, & Young, 2007; Knicker et al., 2011; McKenna 
& Hargreaves, 2008), its working mechanisms have been the focus for research for a 
long time. Angelo Mosso (1846-1910) was one of the first to systematically study the 
working mechanisms of muscle fatigue (Åstrand et al., 2003). In the 19th century, he 
published his influential book ‘La Fatica’ (Mosso, 1891) in which he described his 
collective studies on this topic and laid ground for future research on fatigue (Di Giulio, 
Daniele, & Tipton, 2006). In his studies, Mosso measured muscle contractions during 
repetitive weight lifting (i.e. 3 or 4 kg) with a finger. He showed that the force of voluntary 
muscle contractions decreased with the number of repetitions (see Figure 1.1A). These 
decrements in performance differed largely per individual and were shown to be 
reduced by training. Importantly, besides voluntary contractions, Mosso used electrical 
stimulations to study the working mechanisms of fatigue. In this way, he excluded the 
influence of the subject’s will (i.e. to drive the muscle) and was able to measure solely 
the performance of the muscle. Results showed that muscle force also declined with 
increasing repetition of electrical stimulation (see Figure 1.1B), indicating a decrease of 
muscle function. Mosso concluded that “the muscle is not an organ which obeys like a 
slave the commands transmitted by the nerves” (Mosso, 1904, p. 102). However, the rate 
of performance decline in voluntary contractions and electrical stimulation was different 
(see Figures 1.1A and 1.1B), and these differences pointed to a possible influence of the 
will. In line with these observations, Mosso also emphasized the potential role of the 
brain in fatigue:
“In raising a weight we must take account of two factors, both susceptible of fatigue. 
The first is of central origin and purely nervous in character—namely, the will; the second 
is peripheral, and is the chemical force which is transformed in the muscular fibres into 
mechanical work” (Mosso, 1904, pp. 152-153).
13
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Figure 1.1 Muscle force of A) voluntary contractions and B) electrical stimulations. Reprinted 
from Fatigue (p. 90 and 99), by A. Mosso, 1904, London, United Kingdom: Swan Sonnenschein 
& Co Ltd.
In the 20th century, the idea of Mosso that both the brain and the muscle are 
important faded away and research on fatigue mainly focused on the muscle. The most 
popular and influential model on fatigue was developed by A. V. Hill—a Nobel prize 
winner for his work on muscle mechanics—and this model became standard textbook 
material and dominated exercise sciences since then. Hill’s model states that maximal 
exercise is determined by the heart’s capacity to pump blood to the muscles (Hill, Long, 
& Lupton, 1924). During maximal exercise, the oxygen demands of muscles exceed the 
maximal oxygen supply by the heart. Therefore, energy supply in the exercising muscles 
becomes dependent on anaerobic processes, which produce lactate acid. These 
increases in concentrations of lactid acid were believed to cause fatigue and result in a 
failure of the muscle to produce the required power output.
Recent developments
Nowadays, a number of physiological problems with the Hill-model—and other models 
that see fatigue as an event that occurs after failure of muscle function—have been 
identified (Noakes, 2012). For example, it appears that force output is not limited 
by the lactate-induced decreases in pH (Noakes, St Clair Gibson, & Lambert, 2005) 
and—despite decades of fatigue research—no metabolites have been found that 
A B
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can explain muscle fatigue (Jones, 2010). Furthermore, it has been shown that even 
in maximal performance, muscles are never fully recruited. During prolonged exercise 
approximately 35%-50% of a muscle’s motor units is recruited (Amann et al., 2006; 
Tucker, Rauch, Harley, & Noakes, 2004) and during maximal exercise approximately 60% 
(Sloniger, Cureton, Prior, & Evans, 1997a, 1997b). Also, available energy in muscles (i.e. 
adenosine triphosphate, ATP) is not depleted during fatigue. After stopping a time-to 
exhaustion test, subjects were estimated to still have enough ATP in their muscles to 
continue their exercise for 30s without using any oxygen and 7 to 8 minutes with their 
aerobe systems functioning fully (Morales-Alamo et al., 2015).
Following these physiological findings, it was suggested that decreased 
physiological capacity does not ultimately determine fatigue-induced performance 
decrements (Noakes, 2012; Noakes, Peltonen, & Rusko, 2001; Noakes, St Clair Gibson, 
& Lambert, 2004; Noakes et al., 2005). Other evidence for this suggestion comes from 
studies that show that fatigue-induced performance decrements are not restricted 
to prolonged activity in the active muscle but can also appear without activity and 
physiological changes in related muscles (Pageaux & Lepers, 2016). For example, 
arm cranking exercise has been shown to lead to decreases in cycling performance 
(Johnson, Mills, Brown, & Sharpe, 2014; Johnson, Sharpe, Williams, & Hannah, 2015) 
and numerous studies have shown that also mental fatigue can cause decrements in 
physical performance (Van Cutsem et al., 2017). In addition to these findings, a study 
of Marcora and Staiano (2010) showed that fatigue-induced performance decrements 
during maximal exercise are not the result of athletes’ inability to continue their exercise. 
In this experiment, cyclists were performing a time-to-exhaustion test at a high fixed 
power output. Immediately after the cyclists stopped their exercise (i.e. because they 
were exhausted), they had to perform a brief maximal-power test on their ergometers. 
Results showed that—for every participant—their maximal power immediately after 
the time-to-exhaustion test was much higher than the power they needed to continue 
their time-to-exhaustion test. On average, the cyclists were able to produce 731W while 
only 242W was needed to continue their time-to-exhaustion test Marcora and Staiano 
(2010). Based on this study, it can be concluded that—despite giving up—the athletes 
were physically still able to continue their exercise.
Perception of effort
As it appeared that reduced physical capacity does not ultimately cause performance 
decrements under fatigue, new theories on fatigue were developed that emphasize 
the role of athletes’ brains and their willingness to continue exercise (Marcora & 
Staiano, 2010; Noakes, 2012; Noakes et al., 2001; Noakes et al., 2005). In these theories, 
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performance decrements under fatigue are seen as a form of task disengagement 
and athletes’ perception of effort plays a crucial role in this. Effort is the investment 
of resources for goal-directed behaviour (Gendolla & Richter, 2010) and it is generally 
accepted that more effort is needed in performing more complex tasks (i.e. difficult 
tasks) as opposed to less complex tasks (i.e. easy tasks) (Brehm & Self, 1989; Gendolla, 
Wright, & Richter, 2012). Performing under fatigue can be considered more difficult, 
which is reflected by higher levels of effort. When individuals perform the same task 
for a prolonged time, their perception of effort increases with increased time on task 
(see Figure 1.2) (Marcora & Staiano, 2010; Wright, 2008). For example, running at a 
fixed pace feels more and more effortful as the task continues (Horstman, Morgan, 
Cymerman, & Stokes, 1979). When athletes reach the maximal amount of effort that 
they are willing or able to invest, task behaviour is changed in order to keep their effort 
within acceptable limits. Such changes in task behaviour often lead to decrements in 
performance. For instance, an athlete running on a fixed pace could stop his exercise 
(e.g. in a time-to-exhaustion test, see Figure 1.2) or lower his pace (e.g. in a time trial) 
when perceived effort reaches its limit. This relation between athletes’ perception of 
effort and their performance is supported by several studies. For instance, in time-to-
exhaustion tests, perception of effort predicted athletes’ exercise tolerance, with higher 
levels of perceived effort leading to an earlier task disengagement (Marcora & Staiano, 
2010). Also, during self-paced exercise, perception of effort was negatively related to 
athletes’ exercise intensity, with higher levels of perceived effort being associated with 
decreased running or cycling pace (de Koning et al., 2011). Thus, athletes’ perceived 
effort during tasks seems to determine performance decrements under fatigue.
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Figure 1.2 The relation between time on task and the perceived effort during a fixed-paced 
performance displayed for an athlete with low motivation (A) and high motivation (B). Based on 
Wright (2008).
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Motivation
As appears from Figure 1.2, individuals with higher motivation are able to accept higher 
levels of effort. Motivation is the representation of expected value which determines 
the amount of effort that athletes are willing to invest (Braver et al., 2014; Brehm & Self, 
1989; Marcora & Staiano, 2010). According to the psycho-biological model of fatigue, 
athletes with high motivation are able to continue their performance for a longer time 
without having to adjust their task behaviour in order to keep their effort within limits 
(Marcora, 2008; Marcora, Bosio, & de Morree, 2008; Marcora & Staiano, 2010; Marcora, 
Staiano, & Manning, 2009). While research in the domain of physical performance is still 
scarce, research on cognitive performance has already highlighted the important role 
of motivation in performance under fatigue. For example, studies by Boksem, Meijman, 
and Lorist (2006) and Hopstaken, van der Linden, Bakker, and Kompier (2015) clearly 
showed that performance dropped after prolonged cognitive performance, but these 
decrements in performance were reversed when task rewards (and thus motivation) 
increased. Whether similar effects may be observed in the domain of physical 
performance remains to be investigated.
All in all, the mechanisms of fatigue have been the focus of research for a long time, 
but are still not fully understood. Previously, research mostly focused on physiological 
determinants of fatigue, but nowadays psychological aspects such as perceived effort 
seem to play an important role in performance under fatigue. Also, there is a potential 
role of motivation in influencing performance-decrements under fatigue.
EFFECTS OF FATIGUE ON SOCCER PERFORMANCE
Aspects of performance
In general, sports performance can be understood as a process that comprises perceptual 
skills, decision-making skills, and motor skills (Oudejans & Nieuwenhuys, 2009). These 
aspects of performance are typically performed in a self-repeating sequence (see 
Figure 1.3). In soccer, players first obtain relevant information about different action 
possibilities from the environment (e.g. through visual search, anticipation, spatial 
estimations). Second, decisions are made about which action to perform. And finally, 
the chosen action is executed. An example of such a perception-decision making-
execution sequence in soccer is the following: looking for uncovered team mates, 
deciding whether to pass the ball and to whom, and giving the pass. Such a perception-
decision making-execution sequence keeps repeating, as after the pass, the player 
has to observe and analyse the new situation as well as decide on a new action before 
17
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executing it (e.g. running towards the goal to receive a returning pass). Importantly, 
fatigue could result in decrements in any of these performance aspects (e.g. Pijpers, 
Oudejans, & Bakker, 2007) and, as such, may result in a decrease in overall performance.
Decision makingPerception Task execution
Figure 1.3 The different aspects of performance.
Time-motion analyses
Over the past decades, the effects of fatigue on soccer performance have mainly been 
investigated by means of time-motion analyses and experimental studies. In time-
motion analyses, soccer performance is tracked over the course of a match. Results 
of such analyses on well-trained elite players (e.g. Italian Serie A and English Premier 
League) show that different aspects of running performance (e.g. total distance covered, 
distance covered with high-intensity running, or accelerations) typically decrease 
over the course of a match (Akenhead, Hayes, Thompson, & French, 2013; Bradley et 
al., 2009; Carling & Dupont, 2011; Ingebrigtsen, Dalen, Hjelde, Drust, & Wisloff, 2015; 
Mohr, Krustrup, & Bangsbo, 2003; Rampinini, Impellizzeri, Castagna, Coutts, & Wisloff, 
2009; Weston, Drust, & Gregson, 2011). However, other studies showed no decreases 
in running performance during matches (Di Salvo et al., 2007) or only for players who 
had covered relatively large distances during the first half (Bradley & Noakes, 2013). For 
technical performance, Rampinini et al. (2009) showed that players’ involvements with 
the ball, short passes, and successful short passes slightly decreased over the course 
of a match, while nine other technical indicators (e.g. shots, headers, crosses) did not. 
Similarly, during the extra time of a match, small to moderate decreases in the number 
of passes, the number of successful passes, and dribbling success were observed, 
while thirteen other indicators (e.g. shots and crosses) did not change (Harper, West, 
Stevenson, & Russell, 2014). Also, distances that players were running with the ball did 
not change over the course of a match (Carling, Gall, & Reilly, 2010). All in all, fatigue 
research that employed time-motion analyses has highlighted decrements in running 
performance as well as changes in a small set of more technical performance indicators 
during a soccer match.
18
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While time-motion analyses provide information on changes in performance 
over the course of a match, it is hard to draw causal relations between fatigue and 
these described changes in performance. One reason is that—although fatigue seems 
likely to occur at the end of matches— actual fatigue levels are not measured in time-
motion analyses. In addition, other aspects than fatigue are expected to change at the 
end of matches and may explain observed changes in performance. For example, in 
close matches, the pressure on players is also likely to be higher and players might feel 
more stressed. Also, tactics could alter over the course of a match depending on match 
state (e.g. to force an equalizer or to defend a lead) and, similarly, encouragement by 
the audience may change. Therefore, there are too many unknown factors that could 
influence performance and that cannot be controlled for using time-motion analyses.
Experimental studies
Experimental research allows to manipulate players’ fatigue and thereby to study the 
isolated effects of fatigue on different aspects of soccer performance (i.e. perception, 
decision making, and task execution; see Figure 1.3) in a controlled environment. 
While several studies investigated the effects of fatigue on decision making and task 
execution, perception gained little attention. In soccer, only one study investigated 
changes in athletes’ perception under fatigue. This study showed that players’ gaze 
behaviour changed and their anticipation of opponents’ actions deteriorated after 2x 
52 minutes of intermittent exercise (Casanova et al., 2013). However, given that this was 
only one study, there is still much to be learned on the effects of fatigue on perception 
in soccer.
With respect to the impact of fatigue on soccer decision making, McMorris and 
colleagues performed a series of experiments (McMorris & Graydon, 1996a, 1996b, 
1997b; McMorris et al., 1999). In these studies, the quality of players’ tactical decisions 
was measured at different levels of exercise intensity. Results showed that high levels 
of exercise intensity (which make fatigue likely) had no effect (McMorris & Graydon, 
1996a, 1996b; McMorris et al., 1999) or a positive effect (McMorris & Graydon, 1997b) 
on the quality of decision making in soccer. However, although these studies provided 
some information on the effects of fatigue on decision making, they also hold a 
number of limitations. First, the used decision-making measurements may have poor 
construct validity (i.e. using nearly identical tactical situations) and ecological validity 
(i.e. a miniature static model of the soccer game displayed on a table tennis table) 
(Fontana, Mazzardo, Mokgothu, Furtado, & Gallagher, 2009). Second, these previously 
used decision-making tests may not have matched the difficulty of decisions during 
competitive matches. Finally, these and other studies (Royal et al., 2006; Smith, 
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Zeuwts, et al., 2016) on fatigue and decision making did not adequately incorporate 
task execution in their designs. Typically, in these studies, players were shown static or 
dynamic tactical game-play situations and players had to verbally indicate the right 
action for that situation. In other words, players did not have to actually execute their 
chosen actions. As a consequence, the feasibility of their actions—which may have been 
changed by a lowered physical capacity due to fatigue—was not taken into account in 
their decisions. Similarly, fatigue-induced changes in players’ willingness to invest effort 
were also left unaccounted. As such, the effects of fatigue on decision making in soccer 
remain unclear.
With respect to the impact of fatigue on soccer task execution, several studies 
have been conducted. Many studies have shown that fatigue negatively influences the 
execution of physical tasks. For example, endurance performance and repeated high-
intensity running performance could both be negatively affected by fatigue (de Morree 
& Marcora, 2013; Knicker et al., 2011; Krustrup et al., 2006; Nummela et al., 2008; Perrey, 
Racinais, Saimouaa, & Girard, 2010; Small, McNaughton, Greig, Lohkamp, & Lovell, 2009). 
With respect to the execution of technical skills, studies mainly focused on a few isolated 
soccer actions (i.e. shooting, passing, and dribbling). Studies on shooting performance 
showed that fatigue changed kinematics of maximal-force kicks and decreased ball 
velocity with approximately 5-15% (Apriantono, Nunome, Ikegami, & Sano, 2006; Ferraz, 
van den Tillaar, & Marques, 2012; Kellis, Katis, & Vrabas, 2006). In line with these findings, 
other research showed that fatigue protocols resulted in an impaired shot performance, 
which was explained by decreases in (shooting) accuracy and by decreases in both 
accuracy and velocity (Ali, Williams, Nicholas, & Foskett, 2007; Radman et al., 2016; 
Russell, Benton, & Kingsley, 2011; Stone & Oliver, 2009). For soccer passing performance, 
a number of studies (Ali, Williams, Nicholas, et al., 2007; Impellizzeri et al., 2008; Lyons, 
Al-Nakeeb, & Nevill, 2006; Rampinini et al., 2008) showed fatigue-induced decreases in 
performance (e.g., a decrease of 5-18% on the Loughborough Soccer Passing Test (LSPT, 
Ali, Williams, Hulse, et al. (2007)). In these studies, players were generally shown to pass 
significantly less accurate following fatigue protocols or practice matches. Similarly, 
although not finding a significant effect on players’ overall LSPT performance, results 
of Ali, Gardiner, Foskett, and Gant (2011) suggest that players’ passing accuracy during 
the LSPT decreased under fatigue. In contrast to these studies, Rampinini et al. (2011) 
did not find any significant effects of a practice match on LSPT performance. However 
fatigue levels of these players may be questioned as the LSPT was performed after 40 
minutes of rest. For dribbling, fatigue was shown to negatively affect performance 
in a group of players with fluid abstinence, but not for players with ad libitum fluid 
intake (McGregor, Nicholas, Lakomy, & Williams, 1999). Furthermore, Russell, Benton, 
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et al. (2011) did not find decrements in dribbling performance under fatigue after an 
intermittent exercise protocol of 90 minutes, but Stone and Oliver (2009) did find a 
decrease of 4.5% in dribbling performance after an intermittent exercise protocol of 45 
minutes. Thus, while it should be noted that, until now, fatigue-related research mainly 
focused on effects of fatigue on a limited number of soccer actions, generally negative 
effects of fatigue on the execution of soccer actions were observed.
All in all, previous research showed that fatigue could negatively affect soccer 
performance. However, most research focussed on task execution of physical tasks and 
the execution of a limited number of more technical actions (i.e. shooting, passing, 
dribbling). For perception and decision making, the effects of fatigue remain largely 
unclear. Furthermore, it should be noted that task motivation was not taken into account 
in any of these studies, while— especially given the recent theoretical developments on 
fatigue described in the previous section—it may be an important factor in performance 
under fatigue.
AIMS OF THIS DISSERTATION
The general aim of this dissertation is to provide insight in fatigue in competitive 
soccer and its potential impact on performance. More specifically, we aim to provide 
more insight in fatigue experiences during soccer matches, the origin of these fatigue 
experiences, the effects of fatigue on soccer performance, and the working mechanisms 
of the fatigue-performance relationship.
Firstly, we focus on levels of fatigue during competitive soccer matches. Although 
the demands of a soccer match and previous research on exertion of matches suggest 
that fatigue is likely, limited data is available on fatigue experiences during competitive 
matches. As a consequence, it is still unclear how fatigue develops within matches and 
how fatigue experiences may differ between players’ positions. Also, in determining the 
origin of fatigue experiences, previous research mainly focused on match-related (i.e. 
momentary) changes in performance capacity. The impact of more chronic differences 
in players’ performance capacity (e.g. as a result of the rapid succession of matches, or 
individual differences) on fatigue in soccer is still unknown. Therefore, the first aim of 
this dissertation is:
1) To provide more insight in players’ fatigue experiences during competitive soccer 
matches and to assess the role of general differences in performance capacity.
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Secondly, we focus on the effects of fatigue on soccer performance. Despite that 
fatigue is reckoned to be an important factor during soccer matches, the consequences 
of fatigue on different aspects of soccer performance are still largely unknown. Previous 
research contained methodological issues and/or was primarily focused on the 
execution of a limited set of soccer skills. Therefore, the second aim of this dissertation 
is:
2) To shed more light on the effects of fatigue on different aspects of soccer 
performance, that is:
a. Perception;
b. Decision making;
c. Task execution.
Thirdly, we focus on the mechanisms of performance decrements under fatigue. 
While a long-lasting idea is that performance decrements under fatigue result from 
reaching physiological limits, recent theories have questioned this (Marcora & Staiano, 
2010; Noakes, 2012). They argue that performance decrements under fatigue can be 
considered as a form of task disengagement in which motivational factors play a key 
role. However, especially in the domain of physical performance, the role of physical 
capacity and motivation require further examination. Therefore, the third aim of this 
dissertation is:
3) To provide more insight in the mechanisms of the fatigue-performance relation, 
that is:
a. The role of physical capacity;
b. The role of motivation.
OUTLINE OF THIS DISSERTATION
Table 1.1 provides a brief overview of the research aims and corresponding chapters of 
this dissertation.
Chapter 2 presents the empirical findings regarding research aim 1. By collecting 
data among a large sample of soccer players from the highest four divisions in the 
Netherlands, we aimed to provide insight in fatigue levels during competitive soccer 
matches and in their origin. Therefore, players reported their fatigue experiences during 
different stages of a typical competitive soccer match. The development of fatigue 
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during matches was assessed and potential differences between players’ positions were 
identified. In addition, we investigated the extent to which relatively stable (individual) 
differences in general performance capacity (i.e. overall physical fitness, psychological 
fitness, and recovery) contributed to these fatigue experiences.
In Chapter 3, the same large sample of (high-level) soccer players as in Chapter 2 
was examined to address research aims 2a, 2b, 2c, and 3b. Using self-report data, this 
study sheds light on the effect of fatigue on different aspects of soccer performance. 
Focusing on a range of prototypical soccer actions, which were selected based on a 
task analysis of the soccer game, players reported how fatigue affects their perception, 
decision making, and task execution. In addition, potential effects of task motivation 
on the fatigue-performance relationship were investigated in various ways. First, we 
investigated whether effort investment differed in scenarios with a different task-
motivational potential (i.e. with different match scores). Second, we investigated the 
impact of task motivation on the effects of fatigue on performance. This was done by 
examining whether effects of fatigue on performance were different for primary as 
opposed to more secondary soccer actions (depending on a players’ field position and 
self-rated importance of selected soccer actions).
In Chapter 4, research aims 2b, 3a, and 3b were addressed. In an experimental study, 
the effects of fatigue on decision making were investigated using a counterbalanced 
pretest-posttest design. Thirty well-trained amateur soccer players performed a soccer 
match simulation (i.e. fatigue protocol) or watched a soccer match on television (i.e. 
control protocol) to manipulate fatigue levels. Decision making was measured using a 
soccer interception task. In contrast to previous studies, players actually had to execute 
their chosen action (i.e. to intercept or not to intercept). In this way, players take their 
physical capacity and motivation to invest effort into account. Physical capacity (i.e. 
maximal sprint capacity) and motivation to invest effort were also measured to better 
understand their potential roles in the fatigue-performance relation.
In Chapter 5, an experimental study is presented about the effects of fatigue on 
the execution of a soccer passing task and the moderating role of motivation in this 
relation (research aims 2c and 3b). In this study, 60 amateur soccer players performed a 
validated soccer passing test before and after a high-intensity fatigue protocol. After the 
fatigue protocol, motivation for performance on the posttest was manipulated in one 
group of players, but not for another group of players. Using this method, we were able 
to investigate whether motivation could counteract performance decrements under 
fatigue. Thereby, this study also investigated whether physiological limits determine 
performance decrements under fatigue, and, thus, indirectly also addressed research 
aim 3a.
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In the final chapter (Chapter 6), a summary and discussion of our empirical findings 
regarding fatigue in soccer are presented. Theoretical implications are addressed as well 
as recommendations for future research. Furthermore, the strengths and limitations of 
this dissertation are discussed and practical implications are presented. 
Table 1.1 An overview of the empirical chapters in this dissertation.
Research Aims
Chapter 
2
Chapter 
3
Chapter 
4
Chapter 
5
To provide insight in: 
1. Fatigue experiences during competitive soccer 
matches and the role of general performance capacity

2. Effects of fatigue on soccer performance 
   2a.  Effects on perception 
   2b.  Effects on decision making  
   2c.  Effects on task execution  
3. The mechanisms of the fatigue-performance relation
   3a.  The role of physical capacity  ()
   3b.  The role of motivation   

2
FATIGUE EXPERIENCES IN COMPETITIVE SOCCER: 
DEVELOPMENT DURING MATCHES AND THE 
IMPACT OF GENERAL PERFORMANCE CAPACITY
Barte, J. C. M., Nieuwenhuys, A., Geurts, S. A. E., & Kompier, M. A. J. 
(2017). Fatigue experiences in elite soccer: Development during 
matches and the impact of general performance capacity. 
Fatigue: Biomedicine, Health & Behavior, 5(4), 191-201.
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ABSTRACT
Background: Fatigue as a result of prolonged activity may increase injury risk and 
decrease performance.
Purpose: To provide insight in the development of fatigue experiences during soccer 
matches and the extent to which general performance capacity (i.e. overall physical 
fitness, psychological fitness, and recovery) contributes to these fatigue experiences.
Method : 450 Soccer players from the highest divisions in the Netherlands completed a 
questionnaire to assess (a) fatigue experiences (feeling tired, physically exhausted, not 
fit, weak, and mentally exhausted, 1-7: not at all–very much) during a typical match; and 
(b) subjective indices of general performance capacity (i.e. general capacity to handle 
workload).
Results: On average, fatigue levels were reported to be moderate. Fatigue increased 
during the first half but mostly during the second half and only a small decrease in 
fatigue was observed during half time. Generally, stronger fatigue experiences were 
reported by attackers than defenders. Regression analyses showed that players’ general 
performance capacity explained a substantial part of fatigue at the start of a match 
but also predicted the development of fatigue experiences during a match, with low 
performance capacity being associated with higher baseline levels of fatigue and a 
steeper increase in fatigue over time.
Conclusions: The observed association between players’ general performance capacity 
and their fatigue levels during matches suggests that periodic screening of general 
performance capacity can be informative with regard to the employability of players 
across different stages of match-play and as such, aid in reducing injury risk and 
increasing performance.
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INTRODUCTION
Fatigue is a common phenomenon resulting from prolonged physical or mental activity 
and is characterized by feelings of low energy and resistance to further effort (Hockey, 
2013). Most people occasionally feel fatigued and recognize its effect upon mood and 
performance in daily life (Hockey, 2013). In sports, fatigue may be even more prominent 
due to prolonged and/or repeated high-intensity activity. During a soccer match, 
players perform on average at 85% of their maximal heart rate (Alexandre et al., 2012) 
and run over 10 km (Bradley et al., 2009). Depending on players’ positions, up to 4.5 km 
may be characterized as high-intensity running (Bradley et al., 2009). During matches, 
such activity may lead to the development of fatigue , which may—in turn—increase 
injury risk  and decrease performance (Knicker et al., 2011). Against this background, it 
is important to gain insight in the origin and intensity of players’ fatigue experiences 
during matches.
The occurrence of fatigue during a soccer match seems likely as it is a high-
intensity game with high aerobic and anaerobic demands (Bangsbo, Mohr, & Krustrup, 
2006). However, soccer players’ match-fatigue levels (i.e. the intensity of fatigue 
experiences during matches) are not often reported. A recent study of a single team 
showed that the perceived exertion of individual soccer matches was on average rated 
as being ‘very hard’ (Los Arcos et al., 2016) suggesting high levels of fatigue. Similarly, 
two small-sample studies reported ‘hard’ to ‘very hard’ ratings of perceived exertion 
after single (unofficial) matches (Rampinini et al., 2011; Rampinini et al., 2008). Although 
these studies provide a general indication about the extent to which individual matches 
result in intense fatigue experiences, several questions remain. That is, it is still unclear 
how fatigue experiences typically develop within matches, whether fatigue experiences 
differ depending on player position, and what the origin of these fatigue experiences is.
The effort-recovery model (Meijman & Mulder, 1998) provides a valuable framework 
for the study of fatigue. According to this model, levels of fatigue depend on the ratio 
between workload and performance capacity (i.e. an individual’s capacity to handle 
workload). When workload is high, the same individual will become fatigued faster 
as compared to when workload is low. Similarly, an individual with low performance 
capacity will become fatigued faster—given the same objective workload—when 
compared to an individual with high performance capacity. In soccer, workload comprises 
all physical and mental activities performed during a match. Performance capacity, on 
the other hand, is an individual’s capacity to handle that workload and is comprised of 
physical fitness, psychological fitness, and the ability to recover from previous exercise 
(e.g. Kellmann & Kallus, 2001). Previous research has extensively described workload in 
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soccer based on match analyses, showing differences depending on players’ positions 
(i.e. defenders, midfielders, and attackers) (Sarmento et al., 2014) and indicating that a 
higher workload is generally associated with a more pronounced decrease in soccer-
specific activity over the course of a match (Sarmento et al., 2014). While this indicates 
that workload may induce fatigue, still little is known about the extent to which inter- 
and intra-individual differences in performance capacity influence this relationship.
Previous studies showed that reduced physical fitness, reduced psychological 
fitness, and limited recovery (e.g. sleep restriction) may lead to increased fatigue 
experiences (Edwards & Waterhouse, 2009; Rampinini et al., 2011; Smith, Coutts, et 
al., 2016) and an increased injury risk (Laux, Krumm, Diers, & Flor, 2015). For example, 
it has been shown that lowering psychological fitness by performing a cognitively 
demanding task leads to increased fatigue levels during subsequent soccer-specific 
physical exercise (Smith, Coutts, et al., 2016). These previous studies focused on single as 
opposed to combined aspects of performance capacity (i.e. physical and psychological 
fitness) and have tested momentary (e.g. match-specific) changes in performance 
capacity rather than investigating the impact of relatively stable (individual) differences 
in capacity. In competitive soccer, however, the rapid succession of matches may lead 
to an accumulation of workload and there is often little time for adequate recovery. 
As a consequence, decreases in momentary performance capacity within matches 
may develop into more chronic differences in performance capacity over time (i.e. 
‘general’ performance capacity). In addition, general performance capacity is likely to 
differ between players. Following the effort-recovery theory (Meijman & Mulder, 1998), 
such differences in general performance capacity may determine fatigue at the start 
of a match as well as its development over the course of a match, with less fit players 
becoming fatigued faster with the same workload. So far, it remains unclear to what 
extent differences in general performance capacity influence fatigue experiences in 
soccer matches.
The current study aimed to investigate the development of fatigue experiences 
during subsequent phases of a typical match and to identify differences in fatigue 
experiences between players’ positions. Second, based on the effort-recovery theory 
(Meijman & Mulder, 1998), the aim was to examine the extent to which general 
performance capacity contributes to these fatigue experiences. To this end, a large-
scale cross-sectional survey was distributed among (sub)elite soccer players. In line 
with recent literature, which proposes a central role for perceived effort and exertion in 
explaining the fatigue-performance relation (Marcora & Staiano, 2010; Noakes, 2012), 
our study focused on the subjective experience of fatigue. It was hypothesized that 
fatigue increased during both halves and decreased during half time. Furthermore, it 
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was expected that lower general performance capacity would predict higher levels of 
fatigue at the start of a match and a steeper increase of fatigue over the course of a 
match.
METHOD
All soccer clubs in the four highest divisions in the Netherlands were invited to take 
part in our study. One hundred fifty clubs were approached for participation, of which 
37 clubs (525 field players) agreed to participate. After excluding players who did not 
play any matches during the last three months (N=34), players with missing fatigue 
data (N=30), and players who indicated that they did not understand the questions (e.g. 
due to poor understanding of the Dutch language; N=11), our final sample consisted of 
450 male soccer players. The mean (±SD) age of participants was 23.7±3.8 years, their 
weight was on average 76.6±6.9 kg, their BMI was 22.9±1.6 kg/m2 and the majority were 
Dutch (84.7%). Participants were all (sub)elite soccer players, as their teams competed 
in the highest four divisions in the Netherlands: first division (2.4%), second division 
(7.8%), third division (20.4%), and fourth division (69.3%). All participants read a consent 
statement and ethical approval was granted by the Ethics Committee Faculty of Social 
Sciences of the Radboud University (ECSW2014-2411-264).
All participating players completed a questionnaire which contained questions 
about general characteristics (e.g. age, weight), soccer characteristics (e.g. position, 
number of matches), fatigue experiences during a soccer match, and general 
performance capacity.
For fatigue experiences during a soccer match, players were asked to rate their 
fatigue levels during a ‘typical’ match (i.e. an average match during the last three 
months). By taking fatigue levels of a typical match rather than a specific single match, 
the variety in workload and fatigue experiences due to specific match-related factors 
(e.g. opponent strength and match-specific emotions) was reduced. Although a recall 
period may sometimes result in overestimations of fatigue (Friedberg & Sohl, 2008), 
similar approaches using average retrospective measurements (i.e. asking for ‘typical’ 
experiences) have previously shown that such measurements are reliable and accurately 
reflect momentary measures of emotion and mood (Barrett, 1997; Evans & Jason, 2015; 
Parkinson, Briner, Reynolds, & Totterdell, 1995). Players’ ratings of fatigue were assessed 
for the first ten minutes of the first half (T1), the last ten minutes of the first half (T2), 
the first ten minutes of the second half (T3), and the last ten minutes of the second half 
(T4). For each time-point, four items of the subscale ‘subjective feelings of fatigue’ of 
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the Checklist Individual Strength (Beurskens et al., 2000) were presented. These items 
included feeling ‘tired’, ‘physically exhausted’, ‘fit’ (reversed), and ‘weak’. In addition, an 
item on mental exhaustion was added, thereby ensuring that our measurement of 
fatigue asked for feelings of general fatigue (e.g. feeling tired) as well as physical and 
mental components of fatigue (e.g. physical exhaustion, mental exhaustion). All items 
were answered on a 7-point scale that ranged from ‘not at all’ (1) to ‘very much’ (7) and 
did not contain any other descriptive adjectives (e.g. ‘please indicate how [physically 
exhausted] you typically feel during the [last 10 minutes of a match]’). For statistical 
analyses, overall fatigue scores at T1–T4 were calculated by averaging scores across 
items. Internal consistency of the fatigue scale was good, with Cronbach’s alphas of 
.83–.86 across T1–T4.
To assess general performance capacity, specific indices of physical fitness, 
psychological fitness, and recovery were selected. Physical fitness was assessed using 
the 4-item low fitness/injury subscale of the Dutch version of the REST-Q (Kellmann & 
Kallus, 2001; Nederhof, Brink, & Lemmink, 2008). An example item is: ‘I felt vulnerable 
to injuries’. Cronbach’s alpha was .77 in our study. Psychological fitness was assessed 
using a 6-item scale of affective well-being, which was adapted from previous studies 
and showed to possess a good reliability (de Bloom, Geurts, & Kompier, 2013; Radstaak, 
Geurts, Beckers, Brosschot, & Kompier, 2014). Items included feeling ‘irritated’ (reversed), 
‘happy’, ‘stressed’ (reversed item), ‘relaxed’, ‘enthusiastic’, and ‘satisfied’. Cronbach’s 
alpha was .80 in our study. Recovery was assessed using the 4-item Jenkins Sleep 
Questionnaire, which measures sleep problems (Jenkins, Stanton, Niemcryk, & Rose, 
1988). An example item is ‘I had trouble falling asleep’. Cronbach’s alpha was .65 in our 
study. For the purpose of the current study, all 14 items on general performance capacity 
(physical fitness, psychological fitness, and recovery) were answered on a 7-point scale 
(score 0–6; never, seldom, sometimes, regularly, often, very often, and always (as in the 
RESTQ-Sport; Kellmann & Kallus, 2001; Nederhof et al., 2008)) and reflected the last 
three months (e.g. during the last three months, how often did you [feel vulnerable 
to injuries]?). Sleep problems and low fitness/injury were framed negatively (i.e. higher 
scores indicate lower performance capacity). Affective well-being was framed positively 
(i.e. higher scores indicate higher performance capacity).
To get insight in the development of fatigue experiences during a typical match 
and differences between positions, differences in fatigue scores as a function of time 
(T1–T4) and player position (defender, midfielder, attacker) were analyzed using a 4x3 
Repeated Measures (RM) ANOVA. Significant effects were followed up using paired 
t-tests or Gabriel’s post-hoc tests (Field, 2009). Effect sizes (η2 for ANOVAs, Cohen’s 
d for t-tests and post-hoc tests) were calculated for all analyses. To get insight in the 
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contribution of general performance capacity on match fatigue (i.e. fatigue experiences 
during matches), mean values for each general-performance-capacity subscale (i.e. low 
injury/fitness, affective well-being, and sleep problems) were calculated. Furthermore, 
Pearson correlations were computed between each general-performance-capacity 
subscale and fatigue scores at T1–T4. Additionally, regression analyses were performed 
to examine our three general-performance-capacity indicators as statistical predictors 
of fatigue at the start of a match and the development of fatigue over time. To predict 
fatigue at the start of a match, a linear regression analysis was conducted with the 
general-performance-capacity indicators as predictors of fatigue at T1. To predict 
changes in fatigue during the first half, half-time, and the second half, stepwise linear 
regressions were used with the general-performance-capacity indicators as predictors. 
Thereby, fatigue at T2, T3, and T4 were dependent variables and we controlled for 
fatigue at T1, T2, and T3, respectively.
Before conducting the statistical analyses, assumptions of normality, 
homoscedasticy, linearity, and sphericity were tested for the independent variables 
in this study. Assumptions of linearity and homoscedasticy were always met. For most 
variables, data were normality distributed. When slight deviations from normality were 
found, data were also analyzed using transformations and using non-parametric tests. 
However, because these tests showed similar results and did not alter the conclusions, 
only the original analyses are reported. When the assumption of sphericity was not met, 
we used Greenhouse-Geisser correction. All analyses were performed in SPSS 21.0 and 
a p<0.05 was considered as statistically significant.
RESULTS
As appears from Figure 2.1, overall fatigue scores across general match play ranged 
between 2.2 and 3.6 (7-point scale). Statistical analysis of fatigue scores showed a main 
effect of time (F (2.57, 1101.20) = 319.48, p < 0.001, η2 = .427) and position (F (2, 428) = 
3.20, p = 0.04, η2 = .015), but no time x position interaction (F (5.15, 1101.20) = 1.52, p 
=0.18, η2 = .007). Paired t-tests on the main effect of time showed that fatigue increased 
during the first half, from 2.2 ± 1.0 on T1 to 2.5±0.9 on T2 (t (430) = 7.32, p < 0.001, d = 
0.40). During half time, fatigue was slightly decreased to 2.4 ± 0.9 on T3 (t (430) = -2.67, 
p < 0.01, d = -0.12), which was still higher than fatigue on T1 (t (430) = 5.74, p < 0.001, 
d = 0.28). During the second half, fatigue increased to 3.6 ± 1.1 on T4 (t (430) = 22.57, 
p < 0.001, d = 1.09). Fatigue scores for the different player positions are shown in Table 
2.1. Post-hoc tests on the main effect of position indicated that attackers scored on 
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average 0.23 higher than defenders (p = 0.03, d = 0.30). No other differences were found 
(defenders vs. midfielders: p = 0.65, d = 0.12; midfielders vs. attackers: p = 0.37, d = 0.18). 
The separate fatigue items (i.e. tired, physically exhausted, not fit, weak, and mentally 
exhausted) generally showed a similar pattern over time and similar effects of position 
compared with overall fatigue scores.
1,00
2,00
3,00
4,00
5,00
6,00
7,00
T1 (1-10 min) T2 (35-45 min) T3 (45-55 min) T4 (80-90 min)
Fatigue levels
Time in match
Tired
Physically exhausted
Not fit
Weak
Mentally exhausted
Total fatigue score
Figure 2.1 Mean fatigue score and fatigue-item scores across match play.
Note: RM ANOVAs for each fatigue item (not reported in the main text) showed: for feeling ‘tired’, a main effect of time (p < 
0.001, η2 = .377) and position (p = 0.01, η2 = .020), but no time x position interaction (p =0.60, η2 = .003); for feeling ‘physically 
exhausted’, a main effect of time (p < 0.001, η2 = .434) and position (p = 0.05, η2 = .014), but no time x position interaction (p 
=0.32, η2 = .005); for feeling ‘not fit’, a main effect of time (p < 0.001, η2 = .290) and position (p = 0.01, η2 = .021), but no time x 
position interaction (p =0.99, η2 = .004); for feeling ‘weak’, a main effect of time (p < 0.001, η2 = .123), no main effect of position 
(p = 0.67, η2 = .002), and a time x position interaction (p =0.05, η2 = .010); and for feeling ‘mentally exhausted’, a main effect of 
time (p < 0.001, η2 = .152), but no main effect of position (p = 0.38, η2 = .005) or a time x position interaction (p =0.22, η2 = .006).
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Descriptive analyses of general performance capacity showed that players seldom 
to sometimes felt physically unfit (low fitness/injury: 1.8 ± 0.9), often felt psychologically 
fit (affective well-being: 3.9 ± 0.7), and seldom to sometimes reported problems sleeping 
(sleep problems: 1.5 ± 0.9). Although these numbers are indicative of a generally healthy 
population with reasonable performance capacity, 8.4% of the players felt regularly 
or often unfit, 10.3% did not regularly feel psychologically fit, and 9.1% reported to 
experience sleep problems regularly or often.
Correlations between low fitness/injury and affective well-being, low fitness/injury 
and sleep problems, and affective well-being and sleep problems were all significant 
and in the expected directions (r’s = -0.351, 0.374, -0.323, p’s < 0.001). Furthermore, at all 
four time points, higher levels of fatigue were related to lower fitness/injury (r’s = 0.322 
to 0.385, p’s < 0.001), lower affective well-being (r’s = -0.246 to -0.406, p’s < 0.001), and 
more sleep problems (r’s = 0.199 to 0.277, p’s < 0.001). Also, the experiences of fatigue at 
T1–T4 were positively correlated to each other (r’s =0.299 to 0.607, p’s < 0.001).
Table 2.1 Mean (SD) Fatigue Scores (Scale 1-7) per Position
Position N
Fatigue T1
(min 1-10)
Fatigue T2
(min 35-45)
Fatigue T3
(min 45-55)
Fatigue T4
(min 80-90)
Total Defenders 162 2.1 (1.0) 2.4 (0.9) 2.3 (0.9) 3.4 (1.1)
   Central defender 78 2.2 (0.8) 2.4 (0.8) 2.3 (0.8) 3.5 (0.9)
   Full back 78 2.1 (1.0) 2.4 (1.0) 2.3 (0.9) 3.4 (1.2)
Total Midfielders 143 2.2 (1.0) 2.6 (0.9) 2.5 (1.0) 3.5 (1.2)
   Defensive midfielder 38 2.2 (0.9) 2.3 (0.8) 2.3 (0.9) 3.4 (1.3)
   Midfielder 60 2.0 (0.9) 2.5 (0.9) 2.4 (0.9) 3.4 (1.0)
   Attacking midfielder 40 2.3 (1.0) 2.8 (0.9) 2.7 (1.1) 3.9 (1.3)
Total Attackers 126 2.2 (1.0) 2.7 (1.0) 2.5 (1.0) 3.8 (1.2)
   Winger 69 2.2 (1.0) 2.6 (0.9) 2.5 (1.0) 3.9 (1.1)
   Striker 53 2.2 (1.1) 2.7 (1.0) 2.4 (1.0) 3.8 (1.2)
Overall 431 2.2 (1.0) 2.5 (0.9) 2.4 (0.9) 3.6 (1.1)
Note. 15 players could be identified as a defender, midfielder, or attacker, but their position could not be further specified 
(e.g. central defender or full back).
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Table 2.2 shows the results of the regression analyses to predict fatigue levels 
based on our indices of general performance capacity. At the start of a match, fatigue 
was strongly and significantly predicted by low fitness/injury and affective well-being, 
but not by sleep problems (R2 = 0.24, p < 0.001). With respect to fatigue during later 
phases of a match, the control variables (i.e. fatigue at the previous time point) appeared 
strong and significant predictors (R2’s = 0.19–0.36, p’s < 0.001). Still, at each time point, 
percentage of explained variance within the respective regression models was further 
improved by adding general performance capacity as a predictor. In predicting changes 
in fatigue during the first half (i.e. T1-T2) low fitness/injury and affective well-being were 
significant predictors (ΔR2 = 0.04, p < 0.001); in predicting changes in fatigue during 
half time (i.e. T2-T3; recovery) affective well-being and sleep problems were significant 
predictors (ΔR2 = 0.04, p < 0.001); and in predicting changes in fatigue during the second 
half (i.e. T3-T4) low fitness/injury was again a significant predictor (ΔR2 = 0.05, p < 0.001).
DISCUSSION
Using a large sample of (sub)elite soccer players, this study investigated experiences of 
fatigue in competitive soccer matches. Fatigue experiences play an important role in 
performance decrements under highly demanding circumstances (Marcora & Staiano, 
2010; Noakes, 2012) and could indicate higher injury risks (Cross, Williams, Trewartha, 
Kemp, & Stokes, 2016; Rogalski, Dawson, Heasman, & Gabbett, 2013). The current study 
aimed to provide insight in general experiences of match fatigue, to identify potential 
differences in fatigue between players’ positions, and—based on effort-recovery 
theory (Meijman & Mulder, 1998)—to identify the contribution of general performance 
capacity to these fatigue experiences. Findings showed that fatigue levels increased 
during match play, that attackers typically report slightly higher levels of fatigue 
than defenders, and—in line with effort-recovery theory— that general performance 
capacity predicts baseline levels of fatigue as well the rate of increase in fatigue across 
match play.
 Fatigue increased during a typical match and was most prevalent towards the 
end of the second half of match play. Interestingly, only a minor decrease of fatigue was 
found during half-time and the second half made a relatively large contribution to the 
final fatigue scores. A possible cause for the limited recovery during half time is that 
half time is simply too short to completely restore players’ resources. The large increase 
in fatigue during the second half concurs well with performance decrements that are 
observed in the second halves of matches (Akenhead et al., 2013; Mohr et al., 2003; 
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Sarmento et al., 2014), and can most likely be explained by decrements in momentary 
performance capacity that result from an accumulation of workload during a match. 
Against expectations, even at the end of a match, in absolute terms, on average only 
moderate fatigue scores were observed. These fatigue levels do not correspond to 
previous studies that—based on rates of perceived exertion—appear to suggest 
higher levels of fatigue upon completing a match (Los Arcos et al., 2016; Rampinini et 
al., 2011; Rampinini et al., 2008). Surely, one explanation for this discrepancy may be 
the different means of assessment (i.e. our five-item fatigue scale vs. a one-item rating 
of perceived exertion) and, potentially, also differences in the recall period between 
the actual experience of fatigue and the time of measurement (i.e. multiple days vs. 
a few minutes). However, given that with large recall periods individuals appear  to 
overestimate rather than underestimate their fatigue experiences, (Friedberg & Sohl, 
2008; Stone, Schwartz, Broderick, & Shiffman, 2005), this latter explanation does not 
appear to be likely.  Instead, it is important to note that in the current study, players 
reported fatigue experiences regarding  their perception of a ‘typical’ match rather 
than during a particularly easy or more difficult match, in which workload and, hence, 
fatigue levels may arguable be lower or higher, respectively. Similarly, more extreme 
fatigue levels (or less extreme fatigue levels) may be more prevalent for specific players. 
By showing that attackers reported higher fatigue scores than defenders, this study 
indicates that fatigue experiences may differ depending on player position. Future 
research should investigate the development of fatigue during individual matches, 
examine variation between these matches (e.g. easy and difficult matches), and thereby 
take specific player positions into account.
Regarding general performance capacity (i.e. physical fitness, psychological 
fitness, and recovery), players with a lower general performance capacity reported 
both higher fatigue levels at the start of a match and larger increases in fatigue levels 
during a match. While previous studies focused on the effect of momentary changes 
in performance capacity on fatigue (e.g. Edwards & Waterhouse, 2009; Rampinini et al., 
2011; Smith, Coutts, et al., 2016), our study thus shows that relatively stable (individual) 
differences in performance capacity also contribute to players’ fatigue experiences. The 
contribution of general performance capacity to fatigue at the beginning of a match 
was substantial. Although average fatigue levels at the start of a match were low, higher 
fatigue levels for players with a lower general performance capacity may still result in 
decreased performance and an increased injury risk, especially because fatigue during 
later phases of a match was strongly related to fatigue in earlier phases. The contribution 
of general performance capacity to the development of fatigue during a match was 
small but significant. This indicates that despite immediate effects of acute workload 
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(i.e. soccer-specific activity performed during a match), also general differences in 
performance capacity may contribute to the rate with which players become fatigued 
(and recover) during matches. These findings support the notion that both workload 
and performance capacity contribute to fatigue (Meijman & Mulder, 1998) and further 
stress the importance of considering both workload and performance capacity when 
analyzing fatigue in soccer.
Our findings regarding the impact of general performance capacity on match 
fatigue hold a number of practical implications. First, monitoring physical fitness, 
psychological fitness, and recovery may provide insight in the degree to which players 
can resist the strain of upcoming matches and can effectively be called upon or should 
be given more time to recover. Second, our results suggest that increasing general 
performance capacity in players might reduce experiences of match fatigue and, hence, 
improve performance and reduce injury risk. On a practical note this means that coaches 
should balance training load, match load, and recovery in order to obtain high levels of 
general performance capacity. This implies that during periods of congested matches 
improved recovery strategies (Vaile, Halson, & Graham, 2010) or player rotation may 
be needed, whereas during more quiet match periods, physical conditioning may be 
intensified. In all cases it is valuable to also consider individual differences.
In interpreting the current findings it is important to acknowledge that our results 
are based on retrospective assessments and target general rather than match-specific 
levels of fatigue and performance capacity. Although data collection was anonymous, 
we cannot rule out the possibility that a socially desirable answering tendency may have 
led to an underestimation of fatigue experiences. While these subjective assessments 
allowed us to effectively test our hypotheses in a large group of high-level soccer players 
and provided insight in the level and origin of fatigue experiences in soccer, match-
specific analyses and objective measurements of performance capacity are needed to 
confirm the current findings.
In conclusion, the current study showed that in (sub)elite soccer experiences of 
fatigue increase during matches but generally do not reach extreme values. Fatigue 
experiences differ depending on player position, with attackers reporting higher levels 
of fatigue than defenders. Importantly, differences in general performance capacity 
(physical fitness, psychological fitness, and recovery) were shown to affect players’ 
fatigue levels at the start of a match and contributed to the rate of increase in fatigue 
during matches. These results suggest that monitoring players’ general performance 
capacity could provide important information on the employability of players, while 
improving players’ general performance capacity may decrease match fatigue and, 
thereby, enhance performance and reduce injury risk.
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ABSTRACT
The current study investigates perceived effects of fatigue on different aspects of soccer 
performance and—in various ways—tested the potential role of task motivation in 
these effects. Soccer players (N=433) from the highest four divisions in the Netherlands 
completed a questionnaire. Results showed that players perceive fatigue to negatively 
affect both general and aspect-specific soccer performance (i.e. perception, tactical 
decision making, execution, and pacing). However, negative effects of fatigue were 
perceived to be smaller when task motivation was high. That is, effort investment was 
reported to be higher during close match scores and the negative impact of fatigue 
on soccer performance was generally smaller for primary actions than for secondary 
actions. In conclusion, fatigue is suggested to have widespread effects on different 
aspects of soccer performance. However, motivational factors may play a central role in 
determining the magnitude of these effects.
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INTRODUCTION
Fatigue is a psycho-physiological state that follows from prolonged cognitive or 
physical activity and which is characterized by feelings of low energy and a reduced 
willingness to invest effort (Enoka & Duchateau, 2016; Hockey, 2013). In competitive 
sports, athletes aim to perform at the peak of their capabilities. This may cause fatigue 
to be more extreme in sports than in other settings. A soccer game consists of 2 x 45 
minutes with limited opportunity for substitution. During a game, players continuously 
perform physically and cognitively demanding actions, including high-intensity 
running, passing the ball, and tackling opponents. Crucially, data from actual soccer 
matches indicates that prolonged execution of such actions results in experiences of 
fatigue (Los Arcos et al., 2016).
A central assumption in Meijman and Mulder’s (1998) Effort-Recovery Theory is 
that under fatigue, individuals will have to invest additional (or compensatory) effort in 
order to keep up their performances. However, if the amount of required effort exceeds 
the maximum that one is willing or able to invest, task behaviour will be adjusted 
(e.g. stopped or lowered in intensity) in order to facilitate recovery and attain body 
homeostasis (Noakes, 2012). As a consequence, soccer performance may be negatively 
affected (e.g. shooting precision may be decreased (Russell, Benton, et al., 2011)).
Generally speaking, sports performance can be characterized as a self-repeating 
process in which individuals perceive information about different action possibilities 
(‘perception’), select to-be-performed actions (’tactical decision making’), and 
exploit task-relevant information to execute movement in fulfilment of these actions 
(’execution’) (cf. Oudejans & Nieuwenhuys, 2009). Fatigue as a result of prolonged 
activity may influence efficiency and effectiveness in any of these performance aspects 
(e.g. Pijpers et al., 2007) and, as such, negatively affect the performance of specific soccer 
actions (e.g. passing, dribbling) as well as soccer performance in general (i.e. across a 
range of actions) (Smith, Coutts, et al., 2016).
In soccer, effects of fatigue on performance have mainly been investigated by 
means of time-motion analyses of actual game play or by experimental studies that 
manipulate fatigue and test its effects on specific (isolated) soccer actions. Using 
time-motion analyses, insight is provided into changes in activity over the course of 
a competitive match, for instance, changes in players’ running performance, or the 
execution of specific soccer actions (Bradley & Noakes, 2013; Rampinini et al., 2009; 
Sarmento et al., 2014). Such objectively-measured performance changes may indeed be 
manifestations of fatigue. However, by simply attributing such performance changes to 
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fatigue, we would underestimate the complexity of the soccer game, in which effects of 
fatigue can hardly be disentangled from the effects of contextual factors, such as match 
state, injury, and changes in tactics.
In the second type of studies (i.e. experimental studies) it is possible to more 
precisely investigate effects of fatigue and pinpoint how fatigue may differentially affect 
different performance aspects (e.g. perception, tactical decision making, execution). 
So far, most experimental studies have focused on the impact of fatigue on action 
execution, showing that under fatigue the performance of specific soccer actions 
may be negatively affected (e.g. reduced shooting accuracy, reduced shooting speed 
(Russell, Benton, et al., 2011; Russell & Kingsley, 2011)). Effects of fatigue on perception 
of action possibilities and tactical decision making, on the other hand, remain largely 
uninvestigated or seem to point towards null-effects (e.g. McMorris & Graydon, 1996b; 
McMorris et al., 1999).
Based on these mixed results and scarcety of literature, the impression is that 
there is still much to learn about the relation between fatigue and (different aspects 
of ) soccer performance. Therefore, the current study aims to broaden the scope and 
add to the valuable aforementioned approaches by following a third approach—i.e. 
a questionnaire study among a large group of elite and sub-elite soccer players. 
Furthermore, in explaining the effect of fatigue on performance, we argue that it is 
important to also consider the potential role of motivation (i.e. the representation of 
expected value that predicts effort investment (Braver et al., 2014)).
Recent theoretical work in performance psychology and exercise physiology 
(Hockey, 2013; Marcora & Staiano, 2010; Noakes, 2012) suggests that performance 
decrements under fatigue are not so much dependent on biological limits but largely 
depend on the amount of effort that individuals are willing to spend. Under fatigue, 
more effort is needed to uphold performance (Marcora & Staiano, 2010; Wright, 2008). 
Individuals will uphold their performance until they reach the maximal amount of effort 
that they are able or willing to invest. This maximal amount of effort depends on their 
motivation for the task they are performing (i.e. task motivation) (Brehm & Self, 1989; 
Marcora & Staiano, 2010). Thus, when task motivation is high, individuals are believed 
to be more willing to invest additional, ‘compensatory’ effort to try and reduce negative 
effects of fatigue on their performance (Hockey, 2013; Marcora & Staiano, 2010).
An individual’s task motivation is determined by the importance of success 
(Gendolla & Richter, 2010). In soccer, task motivation may depend on various situational 
characteristics, such as match importance (i.e. a serious competitive match versus a 
sparring match) or match score (e.g. with a close score in the last 10 minutes of a match 
indicating that there is still much to win or lose). In addition, task motivation may be 
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higher for very important (i.e. primary) soccer actions as compared to secondary soccer 
actions. Primary soccer actions are those actions that are most important for a player’s 
individual soccer performance, such as defensive actions for a defender or offensive 
actions for a forward. We assume that, under fatigue, players will concentrate effort 
to maintain performance on primary actions while reducing effort on actions that are 
more secondary.
The first aim of the current study was to investigate the effects of fatigue on soccer 
performance. For this purpose, a large-scale survey was distributed amongst Dutch 
elite (i.e. professional) and sub-elite (i.e. semi-professional and high-level amateur) 
soccer players. Following our conception of performance as a process (Oudejans & 
Nieuwenhuys, 2009), effects of fatigue were assessed on a general performance level 
(i.e. general soccer performance) as well as on the level of specific performance aspects 
(i.e. perception, tactical decision making, execution). We hypothesized that both general 
performance (Hypothesis 1A) and aspect-specific performance (Hypothesis 1B) would be 
negatively affected by fatigue.
The second aim of the current study was to provide insight in effort investment 
during scenarios with a different task-motivational potential. Therefore, we investigated 
whether effort investment differed in scenarios with different match scores. We 
hypothesized that effort investment would be higher for close scores (i.e. high task-
motivational potential) as compared to scores far from close (i.e. low task-motivational 
potential; Hypothesis 2).
Finally, our third aim was to find out whether high levels of task motivation can 
reduce negative effects of fatigue on (different aspects of ) soccer performance. Under 
the assumption that task motivation is higher for soccer actions that are considered 
more important (i.e. primary) given one’s individual position or role in match play, this 
was investigated in two related but non-identical ways (i.e. action-oriented and person-
oriented). In the first (action-oriented) approach we asked each player to rate the 
importance of nine prototypical soccer actions and, subsequently, assessed the impact 
of fatigue on performance for each of those actions. We hypothesized that negative 
effects of fatigue on performance would be smaller for actions that were rated as more 
important (Hypothesis 3A). In the second (person-oriented) approach, we built upon 
players’ position in the team. Under the assumption that offenders and defenders are 
likely to prioritize different actions, we investigated whether effects of fatigue on the 
performance of so-called ‘offensive’ and ‘defensive’ actions (i.e. actions performed during 
ball possession of one’s own team or during ball possession of the opposing team) 
would be dependent on players’ position. Following our task-motivational perspective, 
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we hypothesized that performance decrements under fatigue would be smaller for 
offensive players during ball possession, and for defenders during opponents’ ball 
possession (Hypothesis 3B).
METHOD
Sample
The current study was part of a larger study on match-fatigue in soccer (Barte, 
Nieuwenhuys, Geurts, & Kompier, 2017). All soccer clubs in the highest four divisions 
in the Netherlands were invited to take part in our study. Thirty-seven clubs from 
the highest four divisions in the Netherlands agreed to participate in this survey and 
distributed the paper or online version of the questionnaire amongst the players of their 
first team. In total, 525 field players filled out a questionnaire. We excluded 34 players 
who did not play any matches in the last three months in order to ensure a sample with 
recent match-fatigue experiences. We also excluded 47 players with insufficient data on 
their soccer performance under fatigue and 11 players who indicated not to understand 
the questions (e.g. due to poor understanding of the Dutch language). The final sample 
consisted of 433 male soccer players. The mean (±SD) age of these players was 23.7±3.8 
years, their weight was on average 76.6±6.9 kg, and the majority was Dutch (84.8%). 
The players’ teams competed in the first division (2.5%), second division (8.1%), third 
division (20.3%), and fourth division (69.1%) in the Netherlands. As the structure of 
competitive football in the Netherlands is highly vertical, these divisions represent 
high soccer levels. All participants read a consent statement and ethical approval was 
granted by the Ethics Committee Faculty of Social Sciences of the Radboud University 
(ECSW2014-2411-264).
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Questionnaire Development
To include a relevant and representative set of items on soccer performance, a soccer 
task analysis was conducted. This analysis followed an action-theoretical approach 
(Hacker, 1998; Kompier & Houtman, 2010; Tamboer, 2004), which means that the soccer 
game was structurally and hierarchically analysed (see Figure 3.1). First, ”ball possession’ 
of players’ own team” and ”opponent’s ball possession” were classified as the two main 
phases of play. Within these two phases we distinguished between ”active play” (i.e. ball 
into play) and ”set pieces” (i.e. ball not into play, such as in case of a free kick). During 
ball possession, a further distinction was made between situations where the ”player 
himself” possesses the ball and situations where a ”teammate" possesses the ball. For 
each of these six soccer situations (numbered I to VI in Figure 3.1) different categories 
of soccer actions were identified (e.g. take the ball, keep the ball and move; see Figure 
3.1). From these categories we selected the following nine typical soccer actions which, 
to a different extent, may be considered relevant for players in all positions: 1) dribbling 
past opponent (situation I); 2) playing long ball (situation I and III); 3) shooting at goal 
(situation I, III); 4) losing marker (situation II and IV); 5) supporting team mate (situation 
II, IV); 6) challenging opponent (situation V); 7) covering opponent (situation V, VI); 8) 
putting pressure on opponent (situation V); 9) tackling opponent (situation V).
Based on our task analysis, questionnaire items were composed to assess effects 
of fatigue on both general and aspect-specific soccer performance. To measure 
effects of fatigue on general soccer performance, we selected seven indicators of 
soccer performance that transcended the aspect/action level (e.g. overall quality of 
performance, speed of acting, speed of switching between the main phases of play 
(see Measurements section below)). To measure effects of fatigue on the specific 
performance aspects (i.e. perception, tactical decision making, execution (cf. Oudejans & 
Nieuwenhuys, 2009)), we used the aforementioned nine soccer actions to cover players’ 
perception of action possibilities (e.g. does a player effectively recognize situations 
in which a specific action is possible; i.e. ‘perception’); selection of action possibilities 
(e.g. does a player effectively decide to initiate a specific action; i.e. ‘tactical decision 
making’); and execution of action (e.g. does a player effectively execute a specific 
action; i.e. ‘execution’). In addition, based on Effort-Recovery Theory (Meijman & Mulder, 
1998), we included a fourth performance aspect to also capture possible changes in 
the frequency with which specific actions are performed (i.e. ‘pacing’). To keep the 
questionnaire concise, only the most relevant combinations of performance aspects 
and soccer actions were included in the questionnaire (see Table 3.1 for an overview).
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 The questionnaire was piloted in a small sample of experienced (sub-
elite) soccer players. In addition, three expert soccer coaches (UEFA PRO licensed) 
commented the draft version of the questionnaire, thereby paying specific attention 
to: a) the clarity of the items and accompanying texts, b) the importance, relevance, 
and representativeness of the selected soccer actions, and c) selected combinations 
of performance aspects and soccer actions. They all approved the questionnaire and 
made some textual suggestions, which were taken into account in the final version of 
the questionnaire.
Measurements
To measure the effects of fatigue on general soccer performance (Hypothesis 1A), 
players were asked to rate the impact of fatigue on seven performance indicators: 
1) overall performance, 2) speed of action, 3) speed of change to ball possession (i.e. 
when the player’s team wins the ball) and to 4) opponent’s ball possession (i.e. when 
the player’s team loses the ball), 5) the amount of time taken before set pieces, 6) 
listening to coaching (two items averaged; listening to team members and listening 
to coaches), and 7) coaching team members. Players rated their soccer performance 
during fatigue compared to a non-fatigued state (‘Δ-Performance’) on a 7-point scale: 
-3 to +3. A negative Δ-Performance score indicated worse performance under fatigue, 
and a positive Δ-Performance score indicated better performance under fatigue. A 
Δ-Performance of zero indicated no change in performance under fatigue. Two example 
items were: “When I am fatigued, I act faster or I act slower” (‘-3’ = much slower – ‘+3’ = 
much faster) (speed of actions item); “When I am fatigued, I listen to my coach better 
or worse” (‘-3’ = much worse – ‘+3’ = much better) (listening to coach item). For the 
measurement of one-dimensional and unambiguous constructs, for example attitudes, 
moods or experiences, such single items are considered to be generally well-suited 
(Bowling, 2005; Robins, Hendin, & Trzesniewski, 2001; van Hooff, Geurts, Kompier, & 
Taris, 2007). Apart from the item “taking time before set pieces”, inter-item correlations 
ranged between r =.18 and r=.52 (p’s<.001), indicating that the items conveniently 
reflected related but not identical indicators of general soccer performance.
To measure the effects of fatigue on aspect-specific soccer performance (Hypothesis 
1B), players rated the impact of fatigue (i.e. Δ-Performance) on their perception (6 
items), tactical decision making (4 items), execution (6 items), and pacing (4 items) 
in relation to specific soccer actions(see Table 3.1). For each performance aspect the 
number of items referring to soccer actions that are performed during ball possession 
and opponents’ ball possession was kept equal. The rating scale was the same as for 
general soccer performance (see above). Example items were: “When I am fatigued, 
49
Effects of Fatigue on Soccer Performance and the Role of Task Motivation
3
this makes me perceive better or worse when to put pressure on an opponent” (‘-3’ = 
much worse – ‘+3’ = much better) (perception item), “When I am fatigued, this makes 
me wrongly decide to play a long ball more often or less often” (reversed item, recoded 
into ‘-3’ = much more often – ‘+3’ = much less often) (tactical decisions item), “When I 
am fatigued, this makes me shoot better or shoot worse at the goal” (‘-3’ = much worse 
– ‘+3’ = much better) (execution item), and “When I am fatigued, this makes me support 
attacking team mates more often or less often” (‘-3’ = much less often – ‘+3’ = much more 
often) (pacing item). Mean Δ-Performance scores were calculated for each performance 
aspect. Cronbach’s alphas were 0.70 (perception), 0.57 (tactical decision making), 0.68 
(execution), and 0.66 (pacing).1 Correlations between perception, execution, and pacing 
ranged between r=.54 and r =.66 (p’s<.001), while tactical decision making showed no 
or only weak correlations to the other performance aspects (r’s=.07 to .14, p’s<.01 to .18), 
indicating that—in general—the different performance aspects reflect related but not 
identical aspects of soccer performance.
Effort investment under different match scores (Hypothesis 2) was assessed by 
asking players to rate on a 7-point scale (1 = low effort, 4 = normal effort, 7 = high effort) 
their effort investment during the last 10 minutes of a match as compared to regular 
effort during an average match for five different match score scenarios: far trailing (0-3), 
closely trailing (0-1), draw (1-1), closely leading (1-0), and far leading (3-0).
Task motivation was measured in two related but non-identical ways (see 
Introduction section). First, self-rated importance of specific soccer actions (Hypothesis 
3A) was assessed by asking players to indicate on a 7-point scale (1 = very unimportant, 
4 = neither unimportant, nor important, 7 = very important) how important each of the 
nine selected soccer actions was for them, considering their own role/position in play. 
Second, players’ position (Hypothesis 3B) was assessed by asking players to select from 
a range options the position they had most often played during the last three months. 
Answer categories were central defender, full back, defensive midfielder, midfielder, 
offensive midfielder, winger, centre forward.
1.  The used constructs are defined by a combination of items on multiple prototypical soccer actions. 
Because these items together form the construct, they could be considered as formative indicators 
(Diamantopoulos & Winklhofer, 2001). As such, correlations between the separate items and a high 
internal consistency are not to be expected. For example, if a player performs worse under fatigue on one 
action (e.g. tackling), it is not automatically expected that the player also performs worse under fatigue 
on another action (e.g. shooting on target).
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Statistical analyses
Before we tested our hypotheses, descriptive statistics were performed. To test 
Hypothesis 1 (effects of fatigue on both general and aspect-specific soccer performance), 
∆-Performance scores for each of the seven indicators of general soccer performance 
(Hypothesis 1A) and mean scores for each of the different performance aspects 
(Hypothesis 1B) were tested against zero (i.e. no effect of fatigue on performance) using 
one-sample t-tests.
To test Hypothesis 2 (effort invested during scenarios with a different task-
motivational potential), a repeated measures ANOVA was conducted on effort 
investment with match score (i.e. 0-3, 0-1, 1-1, 1-0, and 3-0) as independent variable. 
A significant effect was followed up using paired t-tests between the different match 
scores.
To test Hypothesis 3A, relations between self-rated importance of soccer actions 
and the impact of fatigue on performance were analysed. As there were multiple soccer 
actions, there were multiple (non-independent) relations between these variables within 
one participant (i.e. data were clustered on a participant level). Therefore, linear mixed 
models were employed (Hox, Moerbeek, & van de Schoot, 2010). For each performance 
aspect (i.e. perception, tactical decision making, execution, pacing), random intercepts 
and slope models were used, with self-rated importance of specific soccer actions as 
independent factor and the Δ-Performance score as dependent variable.
To test Hypothesis 3B (players’ position and the impact of fatigue on performance), 
a 2 x 2 MANOVA was performed, with players’ position (offender vs. defender) and phase 
of play (ball possession vs. opponent ball possession) as independent factors and the 
mean Δ-Performance scores for each performance aspect (i.e. perception, tactical 
decision making, execution, pacing) as dependent variables. For this analysis, defenders 
and defensive midfielders (N=193) were categorized as ‘defensive players’ and attacking 
midfielders and attackers (N=166) as ‘offensive players’. Players who had filled out the 
category ‘midfielders’ (N=56) and players with an unknown position (N=18) were omitted 
from the analysis.  In case of significant univariate interaction effects, independent 
t-tests and paired t-tests were used to further quantify effects.
Before conducting our statistical analyses, assumptions of normality, linearity, 
and sphericity were checked for all variables under study. Normality and linearity 
were generally not violated.2 When the assumption of sphericity was not met, we used 
2. Effort investment during a few match scores did not always meet normality. Therefore, the effect of match 
score on effort investment was also investigated using the Friedman Test, which showed similar results 
(data not shown but available upon request).
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Greenhouse-Geisser correction. For all analyses, effect sizes (η2 for ANOVAs and Cohen’s 
d for t-tests) were calculated. All analyses were performed in SPSS 21.0 and p<.05 was 
considered statistically significant.
RESULTS
Perceived effects of fatigue on general soccer performance and 
aspect-specific soccer performance
Regarding general soccer performance, players indicated that under fatigue their overall 
performance deteriorated (Mean=-1.17, SD=0.99, t(432)=24.42, p<.001, d=1.18), their 
speed of actions slowed down (Mean=-1.07, SD=1.01, t(432)=21.99, p<.001, d=1.06), 
they switched slower to ball possession (Mean=-0.76, SD=1.04, t(429)=15.15, p<.001, 
d=0.73) or to opponents’ ball possession (Mean=-0.84, SD=1.09, t(431)=16.04, p<.001, 
d=0.77), they took more time before set pieces (Mean=0.87, SD=1.21, t(432)=14.84, 
p<.001, d=0.72), and their coaching of team members became worse (Mean=-0.46, 
SD=1.15, t(431)=8.21, p<.001, d=0.40) as compared to a non-fatigued state (i.e. a score 
of zero). Players reported that listening to team mates or coaches was not jeopardized 
under fatigue (Mean=-0.06, SD=0.97, t(432)=1.03, p=.19, d=0.06). These findings 
strongly support Hypothesis 1A, which states that general soccer performance would 
be negatively affected by fatigue.
Regarding aspect-specific soccer performance, results showed that all performance 
aspects deteriorated under fatigue: perception (Mean=-0.25, SD=0.53, t(428)=9.93, 
p<.001, d=0.47), tactical decision making (Mean=-0.12, SD=0.64, t(429)=3.99, p<.001, 
d=0.19), execution (Mean=-0.57, SD=0.59, t(421)=19.80, p<.001, d=0.97), and pacing 
(Mean=-0.55, SD=0.67, t(426)=16.89, p<.001, d=0.82). Thus, Hypothesis 1B that stated 
that all performance aspects would deteriorate under fatigue received support.
Effort investment during scenarios with a different task-
motivational potential
Figure 3.2 shows that players’ effort investment during the last 10 minutes of a soccer 
match ranged between 3.91±1.37 to 6.29±1.05 (on a 7-point scale). The repeated 
measures ANOVA that was performed showed a significant effect of match score 
(F(2.59, 1105.73)=371.27, p<.001, η2=0.465). Effort investment differed for every match 
score (p’s<.001, d’s=0.24-1.96), with higher effort investment for close scores, i.e. closely 
trailing (0-1), draw (1-1), and closely leading (1-0) as compared to scores far from close, 
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i.e. far trailing (0-3), and far leading (3-0). These findings are in support of Hypothesis 
2, which stated that effort investment would be higher in scenarios with a high task 
motivational potential (i.e. close scores).
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Figure 3.2 Effort investment during last 10 minutes of a match as a function of the match score.
Task motivation and the impact of fatigue on soccer 
performance
The self-rated importance of specific soccer actions ranged between 4.33±2.01 
(dribbling past opponent) to 5.88±1.38 (challenging opponent). In general, results of 
linear mixed modelling showed that negative effects of fatigue on performance were 
smaller the more important (i.e. primary) players considered specific soccer actions to 
be. That is, importance ratings were positively related to Δ-Performance for perception 
(B =0.04, p<.001), execution (B=0.08, p<.001), and pacing (B=0.04, p<.01), indicating that 
for these performance aspects the negative impact of fatigue was smaller when actions 
were considered more important. In contrast, for tactical decision making a negative 
relation was found between importance ratings and Δ-Performance (B=-0.03, p=.01). 
Hypothesis 3A was thus supported for three out of four performance aspects.
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Finally, regarding our position-based analyses, repeated measures MANOVA 
showed a main effect of ball possession (Wilks’ Λ= 0.74, F(4, 340)= 29.88, p<.001, 
η2=.260), no main effect of players’ position (Wilks’ Λ=1.00, F(4, 340)=0.43, p=.79, 
η2=.005), and a significant interaction effect between ball possession and players’ 
position (Wilks’ Λ=0.94, F(4, 340)=5.46, p<.001, η2=.060). Univariate effects indicated that 
the interaction was significant for perception (F(1, 343)= 5.07, p=.02, η2=.015), execution 
(F(1, 343)= 17.01, p<.001, η2=.047), and pacing (F(1, 343)= 7.86, p<.01, η2=.022), but not 
for tactical decision making (F(1, 343)= 1.67, p=.20, η2=.005). In line with Hypothesis 3B, 
pairwise comparisons (see Table 3.2) showed that during defensive actions, offensive 
players reported larger performance decrements under fatigue than defensive players. 
For offensive actions, such an effect was not observed. Furthermore—in line with 
Hypothesis 3B—for defensive players, performance decrements were larger during ball 
possession than during opponent’s ball possession. For offensive players, such an effect 
of ball possession was only found for execution.
DISCUSSION
By collecting data among a large sample of elite and sub-elite soccer players, the 
current study aimed to provide insight in the perceived effects of fatigue on (different 
aspects of ) soccer performance and to determine the role of task motivation in this 
relation. In line with our hypotheses, players perceived fatigue to negatively affect 
both general and aspect-specific soccer performance, indicating that apart from the 
execution of specific soccer actions, fatigue may also affect the perception of action 
possibilities and tactical decision making. Furthermore, as expected, task motivation 
played an important role in these effects, with higher task motivation being generally 
related to a smaller negative impact of fatigue on performance. As such, the current 
study suggests that fatigue negatively affects (different aspects of ) soccer performance, 
but that performance decrements may be limited when task motivation is high.
With regard to the first aim of our study, a broad overview of the effects of fatigue 
on soccer performance was provided by taking a range of general and prototypical 
soccer actions into account. Results showed that both general soccer performance and 
aspect-specific soccer performance were perceived to be negatively affected by fatigue, 
thereby supporting Hypothesis 1A and 1B. Observed effects were strong and concerned 
the perception, selection and execution of actions (Oudejans & Nieuwenhuys, 2009) 
as well as the frequency with which actions are performed (i.e. pacing (Meijman & 
Mulder, 1998)), thereby indicating that—under fatigue—task behaviour may indeed 
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be adjusted to keep perceived effort within acceptable limits (Hockey, 2013; Marcora 
& Staiano, 2010; Noakes, 2012). By showing that fatigue was perceived to negatively 
affect performance across a wide range of representative soccer actions the current 
study extends previous experimental work (e.g. Russell, Benton, et al., 2011), suggesting 
that effects of fatigue are not limited to specific (types of ) soccer actions but, instead, 
may be widespread.
Furthermore, the current study highlights the importance of task motivation. 
Regarding the second aim of the current study, results indicated that at the end of a 
match—when fatigue is likely (Los Arcos et al., 2014)—closer match scores were related 
to higher levels of effort invested. This finding confirms our Hypothesis 2 and suggests 
that high task value (e.g. when there is much to gain or much to lose) positively 
influences effort investment (Gendolla & Richter, 2010; Hockey, 2013; Hopstaken, van 
der Linden, Bakker, Kompier, & Leung, 2016; Kurzban, Duckworth, Kable, & Myers, 2013). 
Furthermore, and in line with empirical findings by Marcora and Staiano (2010), our 
results suggest that even when fatigue is likely to be elevated (e.g. during the last 10 
minutes of a match), players perceive themselves capable of investing extra effort in an 
attempt to maintain their performance (Marcora & Staiano, 2010; Noakes, 2012).
With regard to the third aim of the current study, both objective and subjective 
measurements of task importance were used as indicators of task motivation (Gendolla 
& Richter, 2010). In general, results indicate that high task motivation may limit fatigue-
related performance decrements . That is, for three out of four performance aspects (i.e. 
perception, execution and pacing) negative effects of fatigue were smaller when the 
self-rated importance of soccer actions was high. Although this effect was not observed 
for tactical decision making, these findings generally support Hypothesis 3A. Similarly, 
our analyses based on player position indicated that during defensive tasks, fatigue had 
larger negative effects on performance for offensive players than for defensive players 
(Hypothesis 3B). Although this effect was not observed for offensive tasks, these results 
generally suggest that when task motivation is high (i.e. when a specific soccer action 
is considered to be more important), performance decrements due to fatigue may be 
limited (Hockey, 2013; Kurzban et al., 2013; Marcora & Staiano, 2010; Noakes, 2012).
By indicating that high task motivation may limit performance decrements under 
fatigue, the current study offers further support for recent theoretical developments in 
sports science (Marcora & Staiano, 2010; Noakes, 2012; Smith, Coutts, et al., 2016), work 
psychology (Hopstaken et al., 2016) and social psychology (Inzlicht & Schmeichel, 2012; 
Inzlicht, Schmeichel, & Macrae, 2014), which suggest that fatigue-induced changes in 
performance may not directly be subscribed to a depletion of biological resources, but 
are largely dependent on motivational factors. Using different approaches, the current 
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study extends previous findings to different performance aspects during a range of 
prototypical soccer actions and to competitive performances of elite and sub-elite 
athletes. Note, however, that implications of the current study do not stretch beyond 
the level (i.e. intensity) of task motivation and that future work is needed to differentiate 
between the impact of different types of task motivation (e.g. ‘intrinsic’ vs. ‘extrinsic’ 
motivation (Ryan & Deci, 2000); ‘want to’ vs. ‘have to’ tasks (Inzlicht & Schmeichel, 2012; 
Inzlicht et al., 2014)).
The findings regarding the fatigue-performance relation and the role of task 
motivation potentially hold important practical implications. First, because fatigue 
may have large (and widespread) negative effects on performance, it is important to 
prevent the occurrence of fatigue by improving general fitness (Barte et al., 2017) and 
by implementing well-timed substitutions during matches. Second, our study suggests 
that fatigue-induced decrements in performance can partly be counteracted by task 
motivation. This highlights the need for mental strategies (e.g. self-talk) to increase 
players’ motivation (McCormick, Meijen, & Marcora, 2015). Furthermore, it is important 
for coaches to clearly communicate priorities to their players in order to make sure 
that they concentrate effort on preventing detrimental effects of fatigue on tasks that 
the coach considers to be most important (i.e. primary tasks). Finally, it is important to 
mention that these implications may not be limited to soccer as the current findings 
may also apply to other (related) team sports.
In interpreting the current study’s findings it is important to acknowledge that 
while there is evidence to suggest that subjective measurements of performance have 
considerable validity for actual performance (Wall et al., 2004), perceived effects of 
fatigue may in fact deviate from actual effects of fatigue on performance. Given the 
experience level of the current sample (i.e. expert performers are known to reflect on 
and have good insight in the dynamics of their own performances (Hanin, 2004)), we 
expect our findings to reflect actual effects. Nevertheless, future work involving more 
objective performance measures is necessary to complement our findings and further 
specify how task motivation influences the fatigue-performance relationship.
In conclusion, the current study showed that soccer players perceive fatigue to 
negatively affect (different aspects of ) soccer performance. Importantly, however, the 
current data also suggest that this negative impact may partly be limited by high levels of 
task motivation. In line with recent theoretical developments, it is proposed that effects 
of fatigue on performance are not solely driven by depletion of biological resources 
but are—at least partially—dependent on task motivation and the willingness to invest 
effort. Future research is required to further investigate how task motivation influences 
the effects of fatigue on soccer performance.
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EFFECTS OF FATIGUE ON INTERCEPTION 
DECISIONS IN SOCCER: THE ROLE OF 
PHYSICAL CAPACITY AND MOTIVATION
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Effects of Fatigue on Interception Decisions in Soccer: The Role of 
Physical Capacity and Motivation. Revised and resubmitted.
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ABSTRACT
In competitive soccer, match-induced fatigue is a common phenomenon that may 
negatively influence performance. Focusing on decision making, the current study 
experimentally tested the impact of fatigue on players’ interception decisions and, in 
doing so, investigated the potential role of changes in physical capacity and motivation. 
Using a counterbalanced pretest-posttest design, thirty well-trained amateur soccer 
players were tested in a fatigued state vs. a non-fatigued control state (i.e. after 
performing a simulated soccer match and after watching soccer on television). Before 
and after both protocols, players performed a sprint test and an interception test in 
which they were instructed to either intercept or not intercept passes of different 
speeds. Dependent variables included physical capacity (i.e. maximal sprint capacity), 
motivation to intercept, decisions to intercept, and success rate of interceptions. Results 
showed that motivation to intercept but not sprint capacity was negatively affected by 
fatigue. Despite changes in motivation, fatigue did not significantly affect the number 
of interception attempts or the success rate of interceptions. In conclusion, findings 
suggest that match-induced fatigue reduces players’ self-reported motivation to engage 
in effortful actions (i.e. interception attempts) but does not necessarily affect objective 
(maximal) physical capacity and decision making. 
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INTRODUCTION
Fatigue is a psycho-physiological state that may arise from prolonged task execution. 
During soccer matches, prolonged high-intensity intermittent exercise is likely to lead to 
fatigue and may negatively influence performance. Previous research in soccer indicates 
that running performance (Mohr, Krustrup, & Bangsbo, 2005) and the execution of 
technical skills (Rampinini et al., 2008; Rampinini et al., 2009) are negatively affected 
by fatigue. The current study investigated whether fatigue may also influence players’ 
decision making (i.e. action selection).
Although decision making in sports has been extensively investigated (see e.g. Bar-
Eli, Plessner, & Raab, 2011; Belling, Suss, & Ward, 2015; Raab & Johnson, 2007; Travassos 
et al., 2013; Williams, Ford, Eccles, & Ward, 2011), it remains unclear whether and how 
fatigue influences soccer-specific decision making. Previous research did show that 
fatigued players still recognize the best action in a given tactical situation (e.g. McMorris 
& Graydon, 1996a, 1996b; McMorris et al., 1999), but it remains unclear to what extent 
players would also choose to execute these actions when they are fatigued (Iodice et 
al., 2017). Taking players’ physical capacity and motivation to execute effortful actions 
into account, the current study aimed to provide more insight in the effects of fatigue 
on soccer-specific decision making.
Following Enoka and Duchateau (2016), fatigue comprises both i) a decline in 
performance that relates to a reduced capacity of involved muscles and the central 
nervous system to produce work, and ii) changes in sensations associated with 
performance that reduce individuals’ willingness to spend effort (e.g. feelings of fatigue, 
increased perception of effort). Regarding the first aspect, it may be conceived that 
fatigue negatively influences soccer players’ physical capacity (i.e. their physiological 
capacity to perform soccer-specific actions). Indeed, several studies have shown that 
fatiguing exercise may cause energy storages in muscles to become depleted (Mohr 
et al., 2005; Reilly, Drust, & Clarke, 2008) and may reduce the number of muscle fibres 
that can be recruited (Bangsbo, 1994). Although it is unclear whether such physiological 
changes directly influence players’ physical capacity, fatigue was experimentally shown 
to reduce muscle strength (Rahnama, Reilly, Lees, & Graham-Smith, 2003) and maximal 
sprint capacity (Rampinini et al., 2011).
Regarding the second aspect of Enoka and Duchateau’s conceptualization of 
fatigue, it may be conceived that also changes in sensations that are associated with 
performance (e.g. feelings of fatigue and increased perception of effort) may negatively 
influence performance (Noakes, 2012). Although this has not widely been investigated 
in soccer, empirical evidence suggests that anticipated effort is perceived to be higher 
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with fatigue (Iodice et al., 2017; Marcora & Staiano, 2010; Wright, 2008). Expecting 
that high levels of effort will be required increases the perceived costs and may cause 
individuals to be less motivated to engage or exert further effort in a certain action, 
thereby negatively affecting performance (Hockey, 2013; Kurzban et al., 2013; van der 
Linden, Frese, & Meijman, 2003).
According to prospect theory (Kahneman & Tversky, 1979), the probability of 
success and anticipated costs of to-be-performed actions are important factors in 
decision making. Based on this viewpoint, it may be conceived that fatigue-induced 
changes in physical capacity and motivation to invest effort—as described previously—
are likely to affect tactical decision making in soccer. First, physical capacity determines 
the feasibility of actions (Araujo, Davids, & Hristovski, 2006; Smits, Pepping, & Hettinga, 
2014). When fatigue reduces players’ physical capacity, actions may become less 
feasible, resulting in a decreased probability of success, which is likely to affect players’ 
decision making (Kahneman & Tversky, 1979; McMorris & Graydon, 1997a; Renfree, 
Martin, Micklewright, & Gibson, 2014). For example, if a fatigued player is no longer able 
to run fast enough to prevent a ball from crossing the sideline, the player may decide 
not to run at all. Second, when fatigue increases the amount of effort that is perceived to 
be required for future actions, this increases their cost and, hence, may cause individuals 
to be less motivated to engage in these actions (Hockey, 2013; Iodice et al., 2017; 
Noakes, 2012; Smith, Marcora, & Coutts, 2015; Tucker, 2009). In soccer, this may mean 
that players (a) invest less effort in task execution or (b) select actions that require less 
effort. For example, fatigued players may choose to reduce their running speed during 
an interception attempt or decide to hold their position rather than attempting to run 
and intercept an opponent’s pass.
Despite their possible influence, previous studies on decision making in soccer 
largely neglected the role of physical capacity and motivation. A series of experiments 
by McMorris and colleagues generally showed that high levels of exercise (which are 
likely to induce fatigue) resulted in no effect on the quality of decision making in soccer 
(McMorris & Graydon, 1996a, 1996b; McMorris et al., 1999). In these studies, players 
were shown static tactical game-play situations and had to recognize and verbally 
indicate the proper action for that situation. Crucially, these experiments showed that 
after fatiguing exercise, soccer players were still able to recognize the best action in a 
given tactical situation. However, because players did not have to execute the indicated 
actions, potential consequences of reduced physical capacity (lowering the probability 
of success) and reduced motivation to invest effort (following from an increase in 
anticipated costs) were not incorporated, and it remains unclear to what extent fatigue 
actually influences players’ decisions to engage in these actions.
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Against this background, the current study aimed to investigate the effects of 
fatigue on decision making in soccer using an experimental decision making task that 
required actual task execution. Doing so, this study aimed to provide further insight in 
the mechanisms underlying the fatigue-performance relationship by investigating the 
effects of fatigue on players’ physical capacity and motivation. In our study, fatigue was 
manipulated by using a well-validated soccer match simulation (Russell, Rees, Benton, 
& Kingsley, 2011). Decision making was tested by means of an interception task where 
players had to decide whether to intercept an opponent’s pass or not. By instructing 
players to actually execute their chosen action, potential changes in physical capacity 
and motivation to intercept, which may arise as a consequence of fatigue, were expected 
to influence decision making. Based on the idea that a player’s ability to intercept passes 
of a certain speed is largely dependent on his/her maximal running speed, physical 
capacity was assessed by measuring players’ maximal sprint performance before and 
after each decision-making test. During each decision-making test, players’ motivation to 
intercept was assessed subjectively on a trial-by-trial basis (i.e. before each interception 
decision). We hypothesized that fatigue would negatively affect players’ maximal sprint 
capacity (Hypothesis 1) and their motivation to intercept (Hypothesis 2). Consequently, 
regarding players’ interception decisions, we hypothesized that fatigue would reduce 
the number of interception attempts (Hypothesis 3a) and/or the success of interception 
attempts (Hypothesis 3b).
METHOD
Participants
Thirty well-trained and experienced competitive amateur soccer players participated 
in our experiment. To keep a coherent sample of comparable level, only male soccer 
players were included. They were on average 20.3 ± 3.3 years, weighted 72.8 ± 8.1 kg, 
and had a BMI of 22.4 ± 2.0 kg/m2. All participants trained at least twice a week, and 
played competition on an interregional level. All participants were informed about 
the purpose of the study (i.e. the effect of fatigue on decision making) and signed an 
informed consent statement. Ethical approval was granted by the Ethics Committee 
Faculty of Social Sciences of the Radboud University (ECSW2014-2411-264).
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Experimental design and setup
To isolate effects of fatigue from potential effects of repeated assessment (and the 
passing of time), each player was measured on two separate days in either a control 
condition or a fatigue condition, the order of which was alternated between participants 
(within-subject design). In both conditions, players performed a pretest and a posttest 
(see Figure 4.1), which both consisted of an interception test and a sprint test. Before 
measurements were started, players were made familiar with the tests and performed 
a 15-minute warming up.
Fatigue ProtocolPretest
Visit B
Posttest
F
S
S= sprint test; 2 trials measuring 17m-sprint times
Int= interception test; 15 trials measuring motivation to intercept, decisions to intercept or take
defensive position, success of the interception attempts, and effort invested in the task
F = subjective fatigue levels
HR= Heart rate during the protocol
sRPE= session RPE of the protocol
SInt S SInt
F FsRPE
+ F
HR
10 min 10 min107 min
Control ProtocolPretest
Visit A
Posttest
F
S SInt S SInt
F FsRPE
+ F
HR
10 min 10 min107 min
Figure 4.1 Overview of the measurements in this study.
65
Effects of Fatigue on Interception Decisions in Soccer
4
The experiment was performed outdoors on a FIFA Quality artificial-turf soccer 
pitch that is used for official club competitions and took place on players’ regular training 
evenings on weekdays between 18.00-23.00h. Each player was tested individually, and 
in all cases, measurements were conducted by the same experimenters. Measurements 
lasted approximately 2.5 hours per condition, with 48h of scheduled rest in between 
conditions.
Fatigue protocols. In the fatigue condition, players performed a high-intensity 
intermittent running exercise. This exercise was based on a previously validated soccer 
match simulation that resembles activities during actual soccer matches (Russell, Rees, 
et al., 2011). In previous studies, the type and intensity of these activities resulted in 
elevated blood lactate concentrations (between 6-11 mmol·L-1), reductions in blood 
glucose, and a rate of perceived exertion of about 17 (i.e. ‘very hard’) (Russell, Benton, 
et al., 2011; Russell, Rees, et al., 2011). The fatigue protocol consisted of 2x47 minutes 
of exercise with 13 minutes rest during half time. Both halves were divided into five 
blocks. These blocks consisted of 7 minutes of exercise divided into four cycles that each 
consisted of 3x20m walking, 1x20m sprinting (100% of maximal running intensity), 
3x16m jogging (60%), 3x20m jogging (60%), 1x20m backwards jogging (60%), 1x16m 
striding (85%), 1x20m striding (85%), 1x20m moving sideward (60%), and short passive 
recovery. In addition to these cycles, each block (except for the last block of each half ) 
contained 1.5 minute of passing/shooting and 1.5 minute of passive recovery.
In the control condition, players watched a soccer match for 2x47 minutes. To 
prevent large changes in players’ emotions, a relatively unimportant soccer match of 
a foreign competition from a previous season was shown. After watching this match, 
players performed a 13-minute warming up before commencing the posttest.
Interception test. In line with previous literature on decision making in sports, 
participants performed a forced decision making task (e.g. Raab & Johnson, 2004; 
Savelsbergh, Williams, Van der Kamp, & Ward, 2002), in which they were required to 
either intercept (i.e. high effort option) or not intercept (i.e. low effort option) passes 
that were provided at different speeds. This interception task was specifically designed 
for the purpose of the current experiment, included a clear moment of decision making 
(i.e. to intercept or not intercept), and reflected the potentially large implications that 
interception decisions have during actual soccer matches (e.g. setting up a counter 
attack or—in case of failure—giving your direct opponent an open field). An overview 
of the set-up of the interception task is shown in Figure 4.2.
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15.5m
15.5m
20m
1.5m
A
B
ball release
system
gate
imaginary
winger
starting position
player
Figure 4.2 Experimental set-up for the interception task.
The interception test consisted of 15 trials. A ball release system (G1 ballshooter, 
Lobta Sports) was used to shoot straight ground passes with different pre-set velocities, 
which varied around a ball speed that an average experienced player—running 5.8 m·s-1 
—was just able to intercept (based on a pilot study with players of a similar level to 
our sample). The selected velocities (i.e. 10.76, 11.39, 12.01, 12.64, and 13.26 m·s-1; order 
randomized between trials) successfully manipulated the feasibility of interceptions.3 
On each trial, players were instructed to intercept the pass if they perceived that 
interception was possible before the ball reached cone A (Figure 4.2). When players 
perceived that they were able to intercept a specific pass, they had to sprint towards 
the ball, receive the ball before it reached cone A and take it through an optical gate 
(which was placed 1.5m behind the line of interception) to successfully complete their 
interception attempt. In case players perceived that they were not able to intercept a 
3. Average speeds from release to place to intercept (20m) was 6.16 (SD=0.93) for slowest velocity, 
7.50 (SD=1.53) for the middle velocity, and 8.96 (SD=1.47) for the fastest velocity. Using Repeated 
Measures ANOVAs, the different ball velocities were shown to affect the interception attempts (F(2.730, 
79.175)=37.119, p<.001, η
p
2=.561) and success rate of interceptions (F(2.470, 71.642)=36.125, p<.001, 
η
p
2=.555), indicating that interception attempts and success rate of interceptions were higher for lower 
ball velocities. The test-retest reliability coefficient (pretest vs. posttest) for interception attempts in the 
non-fatigue condition was .731 (p<.001).
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specific pass, they had to sprint to cone B (Figure 4.2) and take a defensive position in 
order to catch an imaginary winger (who would receive the pass) on his way to the goal. 
Players were not allowed to change their decisions on the fly and could only go one way 
(i.e. either to cone A or to cone B). After attempting to intercept or taking a defensive 
position, players had 10 seconds to slowly jog back to their starting position for their 
next trial.
Sprint test. Before and after each interception test, players performed two 
maximal sprints to assess their maximal sprint capacity. To maintain functional 
equivalence with the interception test the same experimental setup was used and 
sprints included ball handling. Upon a starting signal, players sprinted as fast as they 
could towards a stationary ball that was placed next to cone A (i.e. at 15.5m from their 
starting position) and—as in the interception test—took this ball with them through 
the optical gate (Figure 4.2) to complete their sprint. To make sure that players gave 
maximal effort (i.e. maximal sprint capacity), they were motivated by means of verbal 
encouragement. In addition, it was emphasized that rankings based on players’ sprint 
times would be provided to the coaches.
Measurements
An overview of the measurements is provided in Figure 4.1.
Manipulation checks. The intensity of the control and fatigue protocol was 
checked by measuring players’ session rate of perceived exertion (sRPE, 0-10) (Foster 
et al., 2001) and their average heart rate (Polar RS800). Furthermore, following the 
approach of Oosterholt, Maes, Van der Linden, Verbraak, and Kompier (2014), players’ 
rated their subjective fatigue levels on a 1-10 scale (‘How fatigued do you currently 
feel?’, ‘not at all’- ‘very much’) immediately before and after performing the pretest and 
posttest.
Sprint capacity. Sprint times during each sprint test were calculated using a 
pressure mat (FR security type KM103 PM3 NO, accuracy: 1 ms) that measured players’ 
start of the sprint and an optical gate (Omron type F3ET2018600, response time: 7.6 
ms) that measured the finish of the sprint. This equipment was operated on a laptop 
using Python (version 2.7). For analyses, the fastest sprints before and after each 
interception test were retained (Chelly et al., 2010; Gelen, 2010; Rampinini et al., 2011) 
and subsequently averaged to get a representative impression of each players’ maximal 
sprint capacity during the test.
Motivation to intercept. Motivation to intercept was measured before every 
interception trial by means of a single-item question (‘How motivated are you to 
intercept the next pass’, 1-10 scale: ‘not at all’ - ‘very much’). Single-items measurements 
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have shown to be a legitimate representation of one-dimensional and unambiguous 
constructs such as players’ feelings and experiences (Bowling, 2005; Fisher, Matthews, 
& Gibbons, 2016; Robins et al., 2001; van Hooff et al., 2007). For analyses, average 
motivation scores (across the 15 trials) were calculated for each test (i.e. pretest and 
posttest in both the control and fatigue condition). Internal consistency of these 
assessments was shown to be very high (α’s=0.95 to 0.96).
Interception decisions. The percentage of trials on which players chose to 
intercept (i.e. % interception attempts) and the success rate of these interceptions (i.e. % 
successful interceptions) were calculated for each interception test. In addition, to check 
whether players chose less effortful alternatives, players rated their invested effort in 
relation to either action on a trial-to-trial basis, by answering a single-item question 
(‘How much effort did you invest in the previous action’, 1-10 scale: ‘not at all’ - ‘very 
much’). For each interception test, average scores were calculated for both types of 
actions.
Analyses
To confirm that the fatigue protocol induced higher levels of fatigue than the control 
protocol, RPE scores and average heart rates of these protocols were compared using 
paired t-tests. Furthermore, subjective fatigue ratings were compared between the 
control condition and the fatigue condition using paired t-tests.
To provide insight in the effects of fatigue on sprint capacity, motivation to intercept, 
interception attempts, success rate of interceptions, and effort invested (Hypotheses 
1-3), 2x2 (condition x test; i.e. control/fatigue x pretest/posttest) repeated measures 
(RM) ANOVAs were used. In these analyses, the condition x test interaction represented 
the effect of fatigue. If significant effects were found, paired t-tests were conducted 
to further specify these effects. Potential effects of order (i.e. control condition first vs. 
fatigue condition first) were tested a priori using independent t-tests, which indicated 
that the order of conditions (counterbalanced; see ‘Experimental design and setup’) did 
not significantly affect the influence of the control and fatigue protocol on any of the 
dependent variables (all p’s>.05).
For all analyses, effect sizes (η
p
2 for RM ANOVAs and Cohen’s d for paired t-tests) 
were calculated. All analyses were performed in SPSS 23.0 and p<.05 was considered 
statistically significant.
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RESULTS
Manipulation check
The sRPE scores were substantially higher for the fatigue protocol than for the 
control protocol (6.5 ± 1.8 vs. 0.8 ± 0.8, t(29)=15.446, p<.001, d=4.31) and indicated 
that, on average, players experienced the fatigue protocol as being close to ‘very 
heavy’. Furthermore, average heart rates were significantly higher during the fatigue 
protocol than during the control protocol (146.1 ± 10.0 vs. 90.2 ± 8.8 beats per minute, 
t(25)=29.872, p<.001, d=5.93). In line with these findings, subjective fatigue ratings at 
the posttest (i.e. after the control or fatigue protocol)—but not at the pretest (i.e. before 
the control or fatigue protocol)—were significantly higher in the fatigue condition 
than in the control condition. This was the case before the posttest (7.4 ± 1.4 vs. 2.9 
± 2.2, t(29)=11.319, p<.001, d=2.44) and also after the posttest (8.6 ± 1.2 vs. 7.2 ± 1.3, 
t(29)=5.114, p<.001, d=1.09). Taken together, these results indicate that the fatigue 
protocol was more demanding and induced much higher fatigue levels than the control 
protocol.
Sprint capacity
The RM ANOVA for sprint capacity showed no significant main effect of condition 
(F(1,20)=1.115, p=.30, η
p
2= .053), no significant main effect of test (F(1,20)=0.038, p=.848, 
η
p
2= .002), and no significant interaction (F(1,20)=0.713, p=.41, η
p
2= .034) (see Table 4.1). 
This indicates that—in contrast to Hypothesis 1—fatigue did not have a significant 
impact on players’ maximal sprint capacity.
Motivation to intercept
The RM ANOVA for motivation to intercept showed no significant main effect of condition 
(F(1,29)=1.413, p=.24, η
p
2= .046), a significant main effect of test (F(1,29)=15.937, 
p<.001, η
p
2= .355), and a significant interaction (F(1,29)=5.020, p=.03, η
p
2= .148). Paired 
t-tests following up on this interaction showed that motivation to intercept decreased 
significantly from pretest to posttest in the fatigue condition (t(29)=3.572, p=.001, d=.64) 
but not in the control condition (t(29)=1.397, p=.173, d=.26). In line with these effects, 
the difference in motivation to intercept between the fatigue condition and the control 
condition approached significance on the posttest (t(29)=1.973, p=.058, d=.42), while 
no difference was observed on the pretest (t(29)=0.465, p=.646, d=.10). Taken together, 
these results indicate that—in line with Hypothesis 2—fatigue significantly reduced 
players’ motivation to intercept.
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Interception decisions
The RM ANOVA for interception attempts showed no significant main effect of condition 
(F(1,29)=0.75, p=.39, η
p
2=.03), a significant main effect of test (F(1,29)=5.178, p=.03, 
η
p
2=.152), and no significant interaction (F(1,29)=1.895, p=.18, η
p
2=.061). These results 
show that players were generally less inclined to intercept on the posttest than on the 
pretest (main effect of test), but—due to the absence of a significant interaction effect—
indicate that this effect cannot be attributed to fatigue. The RM ANOVA for the success 
rate of interceptions showed no significant main effect of condition (F(1,28)=0.02, p=.89, 
η
p
2= .001), no significant main effect of test (F(1,28)=1.090, p=.305, η
p
2=.037) and no 
significant interaction (F(1,28)=0.359, p=.55, η
p
2=.013). Taken together, these findings 
indicate that fatigue did not influence the number of interception attempts (Hypothesis 
3a) or the success rate of interceptions (Hypothesis 3b).
Finally, the analysis of effort ratings confirmed that effort invested was consistently 
higher for interception attempts than for taking a defensive position (see Table 4.1, all 
p’s <.001, d’s=0.95 to 1.05). RM ANOVA’s on either type of action revealed no significant 
main effects of condition or test and no significant interactions (all p’s>.05). These 
findings indicate that our interception test indeed required players to choose between 
a high-effort (i.e. intercept) and a low-effort (not intercept) alternative but that fatigue 
did not have a significant impact on the amount of effort that players invested in either 
action.
DISCUSSION
The current study aimed to provide insight in the effects of fatigue on interception 
decisions in soccer and, therein, to identify the possible role of (changes in) physical 
capacity and motivation. Conceptually, physical capacity and motivation are important 
factors in soccer decision making, as they reflect both the probability of success and 
anticipated costs of to-be-performed actions (Kahneman & Tversky, 1979; Marcora 
& Staiano, 2010; Noakes, 2012). It was hypothesized that fatigue would negatively 
affect players’ maximal sprint capacity (Hypothesis 1) and motivation to intercept 
(Hypothesis 2), which—in turn—was expected to lead to fewer interception attempts 
(Hypothesis 3a) and/or reduced interception success (Hypothesis 3b). Results showed 
that motivation to intercept but not sprint capacity was negatively affected by fatigue. 
Despite significant changes in motivation, fatigue did not have a significant effect on 
the number of interception attempts and the success rate of interceptions.
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 Against Hypothesis 1, results of the current study showed that fatigue did not have 
a significant impact on players’ maximal sprint capacity. This finding stands in contrast 
with earlier studies that found slower sprint times after fatigue (Little & Williams, 2007; 
Rampinini et al., 2011). It should be noted, however, that in these studies players either 
had to perform a substantially larger number of sprints (Little & Williams, 2007) or were 
not explicitly motivated to do their best (Rampinini et al., 2011). In the current study, on 
the other hand, players performed only two sprints before and after each test (of which 
the fastest sprint was retained for analysis (Chelly et al., 2010; Gelen, 2010; Rampinini et 
al., 2011)) and motivation was increased by means of verbal encouragement and listing 
of sprint times (see Method). In this regard, the current null findings concur well with 
studies that show that—when individuals are sufficiently motivated—performance 
decreases under fatigue may be temporarily counteracted (Marcora and Staiano (2010); 
also see Hockey (2013); Hopstaken et al. (2015); Hopstaken et al. (2016)). Apparently, 
when required, fatigued soccer players are still able to perform a limited number of 
maximal sprints at similar speeds as in a non-fatigued state.
In contrast to players’ maximal sprint capacity, players’ motivation to intercept was 
significantly affected by fatigue. That is, after fatiguing soccer-specific exercise, but not 
after following the control protocol, players’ motivation to intercept was significantly 
reduced, thereby supporting Hypothesis 2. The observed decrease in motivation is 
in line with previous studies on mental fatigue (Boksem & Tops, 2008; Hockey, 2013) 
and reflects that fatigue reduces individuals’ willingness to spend effort (Hockey, 2013; 
Iodice et al., 2017; Noakes, 2012; Smith et al., 2015; Tucker, 2009); either to protect body 
homeostasis (Noakes, 2012) or to motivate the individual towards engaging in more 
rewarding (i.e. less costly) alternatives (Kurzban et al., 2013).
With players showing reduced motivation to intercept (and considering that 
intercepting a pass was generally regarded as more effortful than taking a defensive 
position), we hypothesized that fatigue would significantly impact players’ decision 
making, such that it would lead them to engage in fewer interception attempts 
(Hypothesis 3a) and/or that it would negatively affect the quality of their task execution 
(i.e. success rate of interceptions; Hypothesis 3b). Against our hypotheses, however, 
neither the number of interception attempts nor the success rate of interceptions was 
significantly affected by fatigue. Although unexpected, this null-finding is in line with 
previous work on tactical decision making in soccer, which indicated that fatigue had 
no significant effect on players’ ability to recognize optimal actions across a range of 
tactical game-play situations (McMorris & Graydon, 1996a, 1996b; McMorris et al., 1999). 
Furthermore, in considering our findings, it is important to note that although the 
observed drop in motivation was significant, players’ motivation to intercept remained 
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reasonable, also when they were fatigued (i.e. scoring an average of 7.3 on a 10-point 
scale; see Table 4.1). Possibly, with reasonable levels of motivation and physical capacity 
(i.e. maximal sprint capacity) remaining unaffected, effects of fatigue on the probability 
of success and anticipated costs of future interceptions may have been too small to 
generate a significant effect on players’ decision making.
Importantly, fatigue levels in the current study were representative of an average 
90-minute soccer match (Russell, Benton, et al., 2011; Russell, Rees, et al., 2011). In this 
respect, our observation that fatigue did not significantly impact players’ decisions (nor 
did it significantly impact the success rate of interceptions) holds clear practical value. 
At the same time, however, it raises the question whether higher levels of fatigue (e.g. 
as players might experience during 30 minutes of extra time)  would have a significant 
impact on decision making as it may induce larger changes in physical capacity and 
motivation (Kahneman & Tversky, 1979; Marcora & Staiano, 2010; McMorris & Graydon, 
1997a; Noakes, 2012). Or, alternatively, whether the same level of fatigue would lead 
to significant changes in decision making if players are required to choose between 
alternatives that are more extreme in terms of their associated costs (i.e. very high effort 
vs. very low effort (Iodice et al., 2017)). Future research is needed to investigate this 
further.
Although the current study produced more insight regarding the effect of fatigue 
on decision making in soccer, it also holds a few limitations, which should be taken 
into account when interpreting the findings. First, to increase the ecological validity, 
the current decision-making test was performed on an outside soccer pitch. Although 
the five ball velocities successfully manipulated the feasibility of interceptions, external 
circumstances (e.g. wind velocity, humidity) caused us to lose some control over ball 
speed. While our counterbalanced design makes it unlikely that such factors influenced 
our results on the effects of fatigue, they might play a role in the general decrease of 
interception attempts over time. Furthermore, these circumstances may have caused 
extra variation in players’ decisions and thereby lowered the power to statistically detect 
actual differences. Second, statistical power also decreased because sprint capacity 
could not be analysed for a subset of our sample due to technical difficulties. Finally, to 
increase experimental control, we used a forced-choice decision-making test (cf. Raab 
& Johnson, 2004; Savelsbergh et al., 2002) in which players had to choose between 
two options (intercept or not intercept), whereas—in real matches—players are likely 
to have a larger range of options available and can constantly correct their decisions. 
Future research is needed to address these potential limitations.
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In conclusion, the current study suggests that soccer-specific fatigue decreases 
players’ motivation to engage in effortful actions but does not significantly influence 
their decisions to actually engage in these actions. Furthermore, and in support of 
motivational perspectives on the fatigue-performance relationship (e.g. Marcora 
& Staiano, 2010), the current study showed that when it is required, fatigued soccer 
players may still be able to perform a limited number of maximal sprints at similar 
speeds as in a non-fatigued state. Based on the current paradigm, future research may 
provide more insight in how physical capacity and motivation influence soccer-specific 
decision making; either by inducing more extreme levels of fatigue or by testing choice-
alternatives that differ more extremely in terms of their associated costs (i.e. very high 
effort vs. very low effort).
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MOTIVATION COUNTERACTS FATIGUE-
INDUCED PERFORMANCE DECREMENTS 
IN SOCCER PASSING PERFORMANCE
Barte, J. C. M., Nieuwenhuys, A., Geurts, S. A. E., & Kompier, M. A. J. 
Motivation Counteracts Fatigue-Induced Performance Decrements 
in Soccer Passing Performance. Revised and resubmitted.
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ABSTRACT
Recent theories suggest that negative effects of fatigue on performance are determined 
by perception of effort and motivation rather than being primarily the result of reaching 
physiological limits. In the current experiment, the influence of motivation on fatigue-
induced decrements in soccer performance was experimentally investigated. Sixty 
amateur soccer players performed a validated soccer-passing test before and after a 
fatigue protocol. Results showed that players’ motivation and performance decreased 
after the fatigue protocol for players in the control group. In contrast, players in the 
motivation group (i.e. with motivation experimentally induced after the fatigue 
protocol) were able to uphold their motivation and increase their performance. These 
results indicate that motivation plays a crucial role in performance under fatigue, as 
fatigue-induced decrements in soccer passing performance can be counteracted by 
high levels of motivation. Future research may explore the limits of this counteracting 
effect and extend findings to other relevant performance aspects.
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INTRODUCTION
Fatigue is a psycho-physiological state that results from prolonged physical or mental 
activity, and is often associated with decrements in performance (Hockey, 2013). A long-
standing perspective in exercise physiology is that performance decrements under high 
fatigue are the result of decreased muscle functioning, with physiological processes 
related to muscle functioning reaching their biological limits (e.g. Allen, Lamb, & 
Westerblad, 2008; McKenna & Hargreaves, 2008; Sejersted & Sjogaard, 2000). However, 
instead of reduced muscle functioning, recent theories adopt a more psychological 
perspective by suggesting that performance decrements under high fatigue may rather 
be attributed to a form of task disengagement or ‘giving up’ and argue for a central role 
for perception of effort and motivation (Marcora & Staiano, 2010; Noakes, 2012). Taking 
this perspective as a starting point, the current study aimed to experimentally test the 
influence of motivation on fatigue-induced performance decrements on a validated 
soccer task.
Fatigue often negatively affects sports performance and has been reported 
to result in, amongst others; reduced muscle force, endurance performance, sprint 
performance, and motor skill execution (Knicker et al., 2011). In soccer, both running 
performance and soccer skill execution may be negatively affected by fatigue. For 
example, sprint performance was negatively affected by match fatigue (Rampinini et 
al., 2011), and performance on a soccer passing task (i.e. Loughborough Soccer Passing 
Task; LSPT) deteriorated directly after playing a fatiguing soccer match (Rampinini et al., 
2008).
In explaining how fatigue negatively affects sports performance, recent theories 
argue that perception of effort plays a crucial role (Marcora & Staiano, 2010; Noakes, 
2012). With increasing levels of fatigue, activities are perceived as more effortful. For 
example, running at a given speed feels more and more effortful as the task continues 
(Horstman et al., 1979). When athletes reach the maximal amount of effort they are 
willing or able to invest, task behaviour (e.g. running speed) will be adjusted to keep 
their effort within acceptable limits, often leading to a decrease in performance (e.g. 
running slower). In line with this account, previous research confirmed that perception 
of effort during self-paced exercise was negatively related to exercise intensity, with 
higher levels of perceived effort being associated with decreased running or cycling 
pace (de Koning et al., 2011). Similarly, perception of effort was shown to strongly 
predict athletes’ exercise tolerance in a time-to-exhaustion test, with higher levels of 
perceived effort being associated with earlier task disengagement (Marcora & Staiano, 
2010). Interestingly, in their experiment, Marcora and Staiano (2010) showed that on a 
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brief maximal-power test that was performed immediately upon task disengagement, 
athletes were still able to produce a much higher power output than what was needed to 
continue the time-to-exhaustion test. This indicates that reduced physiological capacity 
does not directly determine task disengagement. This finding is also supported by other 
studies concluding that—apart from preceding activity of directly involved muscles—
preceding activity of non-involved muscles as well as preceding mental activity may 
increase perception of effort and negatively affect subsequent endurance performance 
(Pageaux & Lepers, 2016; Smith, Coutts, et al., 2016). All in all, these findings support 
the idea that—before athletes’ physiological limits are reached—perception of effort 
determines performance decrements under fatigue.
According to the psycho-biological model of fatigue (Marcora, 2008; Marcora et al., 
2008; Marcora & Staiano, 2010; Marcora et al., 2009), the maximal amount of effort that 
individuals are willing to invest is determined by motivation ((i.e. the representation of 
expected value that predicts effort investment (Braver et al., 2014)). When motivation 
is higher, individuals are expected to tolerate higher levels of perceived effort and, 
consequently, to be better able to uphold their performance despite feeling fatigued. 
Following this line of thought, it can be argued that increasing an athletes’ motivation 
may (partly) counteract performance decrements under fatigue. Indeed, previous 
research has already shown that high motivation increases endurance performance 
(e.g. Wilmore, 1968) and that high motivation is related to smaller self-perceived 
performance decrements under fatigue (Barte, Nieuwenhuys, Geurts, & Kompier, in 
press). However, the effects of motivation on fatigue-induced performance decrements 
remain to be experimentally investigated in sports.
Against this background, the current study investigated the effect of motivation 
on soccer performance under fatigue. Using an experimental design, soccer players 
performed the Loughborough Soccer Passing Test (Ali, Williams, Hulse, et al., 2007) 
before and after a fatigue protocol. One group of players (i.e. motivation group) was 
externally motivated for their performance under fatigue, while another group of players 
(i.e. control group) was not. Motivation was hypothesized to increase effort tolerance 
and, as such, counteract fatigue-induced performance decrements. That is, fatigue was 
predicted to negatively influence performance in the control group, while performance 
decrements were expected to be smaller for players in the motivation group.
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METHOD
Sample
Sixty male amateur soccer players participated in our experiment. Players were 24.3 ± 
4.7 years, had 16.8 ± 6.3 years of experience in playing soccer, and trained at least twice 
a week. Participants were randomly assigned to the motivation group (n=30) or control 
group (n=30). Participants’ age and experience did not differ significantly between 
both groups. All participants signed an informed consent and received €15 for their 
participation. Ethical approval was granted by the Ethics Committee Faculty of Social 
Sciences of the Radboud University (EC2014-2411-264a).
Experimental design and setup
A 2 x 2 design was used, with fatigue as a within-subject factor (i.e. pretest/posttest) 
and motivation as a between-subject factor (i.e. motivation group/control group). On 
pretest and posttest, all players performed an extended version (i.e. five blocks) of the 
Loughborough Soccer Passing Test (LSPT). In between pretest and posttest, all players 
were subjected to a fatigue protocol. After the fatigue protocol but before commencing 
the posttest, motivation was experimentally induced for players in the motivation 
group, but not for players in the control group.
Fatigue protocol. After the pretest, all players performed a validated fatigue 
protocol (Little & Williams, 2007) to induce fatigue. This protocol consisted of 40 
repetitions of a 15 m sprint with 10.4 seconds rest between each sprint. As reported by 
Little and Williams (2007), the protocol results in high levels of blood lactate and high 
rates of perceived exertion. In the current study, players’ sprints were timed manually 
and players were verbally encouraged to ensure that they gave maximal effort and 
would become fatigued.
Motivation manipulation. After the fatigue protocol, players in the motivation 
group were motivated for their posttest by using a combination of (the prospect of ) 
financial reward, competition, and verbal encouragement (McCormick et al., 2015). That 
is, in the one-minute break between the fatigue protocol and the posttest, players in the 
motivation group were promised an additional 15 euros if they would rank among the 
30% best performers on the posttest. During the posttest (i.e. before each new LSPT-
block), players were verbally encouraged and reminded of the financial reward. For 
players in the control group, motivation was not experimentally induced.
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Loughborough Soccer Passing Test. On the pretest and posttest, soccer-passing 
performance was tested with an extended version of the LSPT, which has previously 
been shown to be a reliable and valid test of soccer skill performance (Ali, Williams, 
Hulse, et al., 2007; Le Moal et al., 2014). Figure 5.1 shows an overview of the layout of 
the LSPT, which—in the current experiment—was conducted in an indoor sports hall. 
On an area of 12.0 x 9.5 m, four standard gymnasium benches were positioned around a 
central box (2.5 x 1.0 m) and surrounding passing area (4.0 x 2.5m). In the middle of each 
bench, coloured targets (0.6 x 0.3 m) and an aluminium plate (0.1 x 0.15 m; indicating 
the middle of each target) were attached to indicate where participants had to shoot 
the ball.
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Figure 5.1 An overview of the LSPT set-up (with permission of the main author and publisher 
adopted from Ali et al. (2007). Reliability and validity of two tests of soccer skill. Journal of Sports 
Sciences, 25(13), 1461-1470, Taylor & Francis Ltd).
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During both pretest and posttest, players performed five blocks of the LSPT, with 
30 s rest in between each block. During each block, players were instructed to perform 
16 passes as quickly and accurately as possible. They started with the ball in the central 
box and were instructed to dribble into the passing area to pass the ball against the first 
target (i.e. the blue target). The returning ball had to be taken back into the central box 
before moving to the next target. As in Lyons, Al-Nakeeb, and Nevill (2006), Rampinini 
et al. (2008), and Rampinini et al. (2008)  , subsequent passes were performed into one 
direction. Right-footed players performed the passes in a clockwise order, while left-
footed players went counterclockwise.4 Time and errors during the LSPT were recorded 
to calculate players’ performance on the LSPT.
Following LSPT guidelines (Ali, Williams, Hulse, et al., 2007), time penalties were 
awarded according to the performance errors:
• 5 s for missing the bench completely or passing to the wrong bench;
• 3 s for missing the colored target area;
• 2 s for passing the ball from outside the passing area;
• 2 s for touching any cone;
• 3 s for handling the ball;
• 1 s for every second slower than 43 s to complete the test (i.e. time errors);
• 1 s bonus (i.e. deducted from the errors) for hitting the aluminum plate.
Before starting the pretest, players performed a 10-minute warming-up, had one-
minute of free practice and then performed five practice blocks (i.e. 5 x 16 passes) in 
order to familiarize with the LSPT and to prevent possible learning effects.
Measurements
Manipulation checks. To provide insight in the intensity of the fatigue protocol, 
session rate of perceived exertion (sRPE; Foster et al. (2001)) was assessed directly after 
the protocol and heart rate was measured continuously during the protocol (Polar 
RS800CX, Polar Electro Oy, Kempele, Finland). To check whether the fatigue protocol 
and the manipulation of motivation reliably induced fatigue and task motivation, 
immediately before commencing the pretest and posttest, players reported their 
feeling of fatigue and their motivation in response to two single-item questions (i.e. 
“How fatigued do you feel at this moment?” and “How motivated are you to perform 
well on the next test?”). Answers were provided on a 10-point scale (1-10; not at all – 
4. Left-footed and right-footed players did not significantly differ in LSPT performance (p’s>.05).
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very much). Several studies indicate that when study requirements allow little time to 
assess subjective feelings or experiences, single item questions are a quick and valid 
alternative to more elaborate questionnaires (Bowling, 2005; Fisher et al., 2016; Robins 
et al., 2001; van Hooff et al., 2007).
LSPT performance. Performance on the LSPT was scored manually using a 
stopwatch (performance time) and score sheet (performance errors) and was checked 
post-hoc based on video recordings. Performance time (in seconds) and time penalties 
for performance errors (in seconds) were summed, resulting in one LSPT total score (in 
seconds) for both the pretest and posttest. Lower scores indicate better performance. In 
addition, to provide more insight in speed and accuracy, apart from the LSPT total score, 
LSPT performance time (including time errors) and LSPT performance errors (excluding 
time errors) were also calculated separately.
Perceived effort and physical effort. To indicate their perceived level of effort 
during the pretest and posttest, players were asked to provide a sRPE immediately 
following their pretest and posttest (Foster et al., 2001). In addition, to provide an 
objective indication of physical effort during both tests, heart rate was recorded 
continuously using a Polar RS800CX heart rate monitor (Polar Electro Oy, Kempele, 
Finland).
Analyses
To examine possible group differences in intensity of the fatigue protocol, independent 
t-tests were used to analyze the sRPE and average heart rate of the fatigue protocol. To 
check whether the fatigue protocol and the motivation manipulation indeed resulted in 
higher levels of fatigue and motivation, respectively, 2 x 2 (fatigue x group, i.e. pretest/
posttest x control/motivation) repeated measures (RM) ANOVAs were used to analyze 
subjective ratings of fatigue and motivation. Similarly, to provide insight in the effects 
of fatigue and motivation on soccer performance (LSPT total scores, LSPT performance 
time, LSPT performance errors) and perceived and physical effort during the test (sRPE; 
average heart rate), separate 2 x 2 (fatigue x group) RM ANOVAs were performed. If RM 
ANOVAs showed significant interaction effects, paired t-tests and independent t-tests 
were conducted to further specify these effects.
Before conducting the statistical analyses, assumptions of normality, 
homoscedasticy, linearity were tested. When assumptions were not met, data were 
also analyzed using transformations and using non-parametric tests. However, because 
these tests showed the same results, only the original analyses (as described above) are 
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reported in the Results section (test reports available on request). For all analyses, effect 
sizes (η
p
2 for RM ANOVAs and Cohen’s d for t-tests) were calculated. All analyses were 
performed in SPSS 23.0 and p<.05 was considered statistically significant.
RESULTS
Manipulation checks
Fatigue. Players on average rated their exertion during the fatigue protocol 
between ‘really hard’ and ‘maximal’, showing no differences between groups (control 
group: 8.43 ± 1.76, motivation group: 8.53 ± 1.07; t(58)=0.27, p=.791, d=0.07). Similarly, 
average heart rate during the fatigue protocol was 173.45 and did not differ between 
groups (control group: 172.07 ± 7.84, motivation group: 175.09 ± 13.00; t(42)=0.95, 
p=.347, d=0.29). In line with these findings, the RM ANOVA on feelings of fatigue 
indicated that players reported significantly higher levels of fatigue before commencing 
the posttest as compared to the pretest (F(1,58)=495.74, p<.001, η
p
2= .895) (see Table 
5.1). No difference between groups (F(1,58)=0.03, p=.869, η
p
2= .000) and no significant 
interaction effect (F(1,58)=2.10, p=.152, η
p
2= .035) was observed. Taken together, these 
findings indicate that the fatigue protocol was highly demanding and—for both 
groups—resulted in higher fatigue levels on the posttest compared to the pretest.
Table 5.1 Descriptive results (mean (SD)) for all dependent variables.
Motivation Group Control Group
pretest posttest pretest posttest
Manipulation checks
Fatigue (1-10) 4.00 (1.58) 8.07 (1.14) 3.67 (1.65) 8.30 (1.12)
Motivation (1-10) 8.43 (1.07) 8.63 (1.27) 8.07 (1.20) 7.17 (1.29)
LSPT performance
LSPT total score (seconds) 307.01 (64.22) 292.99 (64.17) 287.06 (64.58) 302.21 (65.44)
Performance time (seconds) 273.21 (60.51) 273.79 (57.47) 260.36 (51.49) 275.84 (60.33)
Performance errors (seconds) 33.80 (36.51) 19.20 (36.94) 26.70 (33.43) 26.37 (26.35)
Perceived and physical effort
sRPE (0-10) 4.40 (1.48) 5.80 (1.63) 4.23 (1.61) 5.23 (1.79)
Average heart rate (bpm) 158.93 (20.46) 167.00 (17.09) 149.04 (15.29) 153.49 (13.75)
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Motivation. The RM ANOVA on players’ motivation ratings showed a significant 
main effect of fatigue (F(1,58)=4.87, p=.031, η
p
2= .077), a significant main effect of group 
(F(1,58)=11.55, p=.001, η
p
2= .166), and a significant interaction effect (F(1,58)=12.03, 
p<.001, η
p
2= .172) (see Table 5.1). Pairwise comparisons on the interaction effect 
showed that motivation decreased from pretest to posttest for players in the control 
group (t(29)=3.97, p<.001, d=0.72), but not for players the motivation group (t(29)=0.90, 
p=.375, d=0.16). In line with these effects, motivation on the posttest was higher for the 
motivation group compared to the control group (t(58)=4.44, p<.001, d=1.15), while on 
the pretest no difference between the groups was found (t(58)=1.25, p=.217, d=0.32). 
Taken together, these findings indicate that our manipulation of motivation effectively 
boosted motivation in the motivation group.
LSPT Performance
Figure 5.2 shows the LSPT scores for both groups. The RM ANOVA on players’ LSPT total 
scores showed no significant main effect of fatigue (F(1,58)=0.02, p=.886, η
p
2= .000), 
no significant main effect of group (F(1,58)=0.11, p=.739, η
p
2= .002), but did show a 
significant interaction effect (F(1,58)=13.82, p<.001, η
p
2= .192) (see Table 5.1). Pairwise 
comparisons on the interaction effect showed that performance decreased from 
pretest to posttest for players in the control group (t(29)=2.40, p=.023, d=0.24), while 
performance increased for players in the motivation group (t(29)=3.01, p=.005, d=0.22). 
No differences in performance were found between the groups on pretest (t(58)=1.23, 
p=.224, d=0.32) and posttest (t(58)=0.55, p=.584, d=0.14). Taken together, these findings 
indicate that motivation effectively counteracted performance decrements under 
fatigue.  
Further specifying this effect, the RM ANOVA on LSPT performance time also 
showed a significant main effect of fatigue (F(1,58)=9.43, p=.003, η
p
2= .140), no significant 
main effect of group (F(1,58)=0.14, p=.713, η
p
2= .002), and a significant interaction effect 
(F(1,58)=8.12, p=.006, η
p
2= .123) (see Table 5.1). Pairwise comparisons on the interaction 
effect showed that performance time increased from pretest to posttest for players in 
the control group (t(29)=3.90, p<.001, d=0.28), but not for players in the motivation 
group (t(29)=0.17, p=.865, d=0.01). No differences in performance time were found 
between the groups on the pretest (t(58)=.89, p=.379, d=0.23) and posttest (t(58)=0.14 
p=.893, d=0.03). The RM ANOVA on LSPT performance errors showed a significant main 
effect of fatigue (F(1,58)=5.73, p=.020, η
p
2= .090), no significant main effect of group 
(F(1,58)=0.00, p=.997, η
p
2= .000), and a significant interaction effect (F(1,58)=5.23, 
p=.026, η
p
2= .083) (see Table 5.1). Pairwise comparisons on the interaction effect showed 
that performance errors decreased from pretest to posttest for players in the motivation 
87
Motivation Counteracts Fatigue-Induced Performance Decrements in Soccer Passing Performance
5
group (t(29)=3.37, p=.002, d=0.40), but not for players in the control group (t(29)=0.07, 
p=.941, d=0.01). No differences in performance errors were found between the groups 
on the pretest (t(58)=0.79, p=.435, d=0.20) and posttest (t(58)=.87, p=.391, d=0.22). Taken 
together, these findings indicate that despite high fatigue, players in the motivation 
group maintained their performance speed and improved their accuracy, while players 
in the control group maintained their accuracy but decreased their performance speed.
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Figure 5.2 Performance on the Loughborough Soccer Passing Test (LSPT) for the motivation 
group and control group.
Perceived effort and physical effort
The RM ANOVA on perception of effort (i.e. sRPE) showed a significant main effect of 
fatigue (F(1,58)=42.79, p<.001, η
p
2=.424), no significant main effect of group (F(1,58)=0.94, 
p=.338, η
p
2=.016), and no significant interaction effect (F(1,58)=1.19, p=.280, η
p
2=.020) 
(see Table 5.1). The RM ANOVA on heart rates showed a significant main effect of fatigue 
(F(1,42)=20.71, p<.001, η
p
2=.330), a significant main effect of group (F(1,42)=5.84, 
p=.020, η
p
2=.122), and no significant interaction effect (F(1,42)=1.74, p=.195, η
p
2=.040) 
(see Table 5.1).5 Taken together, these findings indicate that both perception of effort 
5. Due to technical malfunctioning, heart rate data was only available for 20 participants in the motivation 
group and 24 participants in the control group. Players with and without missing data on heart rate did 
not differ in age, experience, or any of the outcome measures (p’s>.05).
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and physical effort (heart rate) increased following the fatigue protocol, that heart rates 
were generally higher for the motivation group, but that motivation did not specifically 
affect perceived effort or physical effort on the posttest.
DISCUSSION
The current study investigated the effects of motivation on fatigue-induced performance 
decrements in soccer. As hypothesized, findings indicated that players who were extra 
motivated were able to counteract performance decrements under fatigue. These 
findings support the idea that motivation—and not (only) physiological factors—play a 
crucial role in determining performance decrements under fatigue.
In line with previous experiments (Impellizzeri et al., 2008; Lyons et al., 2006; 
Rampinini et al., 2008), the control group showed decrements in soccer passing 
performance after fatiguing high-intensity exercise. More specifically, under fatigue, 
players in the control group reported to be less motivated and—whilst maintaining 
their passing accuracy (i.e. no increase in performance errors)—significantly reduced 
their performance speed. We argue that high levels of fatigue caused players in the 
control group to be less willing to invest the required amount of effort to keep up 
their performance and made them decrease their speed of acting to keep effort within 
acceptable limits. Comparable strategy changes following fatigue were also shown in 
previous studies (Aune, Ingvaldsen, & Ettema, 2008; Boksem et al., 2006; Nibbeling, 
Oudejans, Canal-Bruland, van der Wurff, & Daanen, 2013), and presumably occur to 
keep performance at an acceptable level while minimizing effort investment.
While fatigue had a negative effect on performance for players in the control group, 
following our manipulation of motivation, players in the motivation group were able to 
increase their performance despite being fatigued. This finding convincingly shows that 
motivation can counteract fatigue-induced decrements in soccer passing performance. 
More specifically, players in the motivation group were able to maintain high levels of 
motivation and—despite feeling equally fatigued as players in the control group—were 
able to not only maintain their speed of acting but also further improve their passing 
accuracy (i.e. reduce performance errors), resulting in better performance. In line with 
previous research (Marcora & Staiano, 2010), this indicates that limited physical capacity 
does not directly determine fatigue-induced performance decrements in sports. 
Instead, as argued by the psycho-biological model of fatigue (Marcora, 2008; Marcora 
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et al., 2008; Marcora & Staiano, 2010; Marcora et al., 2009), the current results clearly 
demonstrate that fatigue-induced decrements can be overridden, with motivation as 
underlying mechanism.
From a psychological perspective, it is interesting to note that the effect of 
motivation on performance under fatigue was not reflected in players’ perceived effort 
(i.e. sRPE). That is, perceived effort increased following fatigue but this increase did not 
differ between the motivation and control group. A possible explanation for this may 
be that the subtle adjustments in task behavior may have been too small to be reflected 
in sRPE ratings. Another explanation for this finding is that high levels of motivation 
may have lowered players’ perception of effort (Kurzban et al., 2013). Indeed, this would 
explain why the motivation group showed a comparable increase in sRPE as the control 
group despite doing more work (in this case, maintain speed of acting, increase passing 
accuracy). In addition, it would corroborate previous work showing that psychological 
factors such as music, social influence, self-efficacy, placebo, and reward (Hardy, Hall, 
& Prestholdt, 1986; Hopstaken et al., 2016; Karageorghis & Priest, 2012; Piedimonte, 
Benedetti, & Carlino, 2015; Robertson & Noble, 1997) may effectively reduce feelings of 
effort and fatigue.
From a physiological perspective, the current study showed that players’ actual 
biological limits were not yet reached when performance decreased. That is, while the 
players performed a highly-demanding repeated sprint protocol that is associated with 
severe physiological changes (e.g. increase in muscle lactate, decrease in adenosine 
triphosphate (ATP), decrease in phosphocreatine (PCr)) (Little & Williams, 2007; Spencer, 
Bishop, Dawson, & Goodman, 2005), the impact of our motivation manipulation on 
performance shows that players were still able to willfully regulate their behavioral 
responses to these changes (e.g. upholding versus lowering speed of acting). Although 
in the current study this was not immediately reflected in players’ heart rate, by choosing 
not to give in to increased feelings of fatigue, individuals arguably demand more of 
their bodies; metabolic processes continue and will develop towards their biological 
limits. When continued, this may result in biological failure or—in the long run—in 
overuse and overtraining (Schiphof-Godart & Hettinga, 2017). In this respect, future 
research is needed to investigate the limits of this counteracting effect of motivation 
and investigate possible negative consequences for recovery and future performance.
In addressing limitations of the current study, it is important to acknowledge 
that whereas the LSPT tests the execution of an important soccer skill (Ali, Williams, 
Hulse, et al., 2007; Le Moal et al., 2014), actual soccer performance comprises more 
skills (e.g. shooting, dribbling) and also includes other performance aspects such as 
tactical decision making. In this respect, more research is needed to extend the current 
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findings to other skills and performance aspects. Furthermore, athletes’ performance 
under fatigue may be influenced by expertise. In the current study amateur soccer 
players were selected, but players with more expertise (i.e. professional soccer players) 
might possess more efficient strategies to uphold performance under fatigue (Aune et 
al., 2008). Furthermore, in the current study, a combination of different motivational 
strategies was used to maximize players’ motivation levels (i.e. prospect of financial 
reward, competition, and verbal encouragement; (McCormick et al., 2015). Therefore, 
our conclusions are limited to the intensity of motivation and future work is needed to 
examine independent effects of these strategies and to differentiate between the impact 
of different types of motivation (e.g. intrinsic and extrinsic motivation, (Ryan & Deci, 
2000)). Thereby, it is important to note that that motivational strategies that manipulate 
players’ extrinsic motivation (e.g. financial reward) may undermine intrinsic motivation 
(Deci, Koestner, & Ryan, 1999) and that repeated use of these strategies might result in 
increasingly smaller effects over time. Finally, although participants in the current study 
were already highly motivated, the effects of motivational strategies may be smaller 
when motivation levels are even higher, e.g. during competitive matches.
In conclusion, the results of the current study show that motivation plays a crucial 
role in performance under fatigue, as fatigue-induced decrements in soccer passing 
performance were counteracted by high motivation. Our findings support the view that 
performance decrements under fatigue can be seen as a form of task disengagement 
rather than limited physiological capacity and—from a practical perspective—clear 
the path for motivational strategies that help players uphold crucial aspects of their 
performance when it counts the most. Future research should explore the limits of this 
counteracting effect of motivation and investigate possible negative consequences for 
recovery and future performance.


6
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Fatigue following prolonged mental or physical activity is likely to occur in sports and 
is generally associated with decrements in performance. Even though the importance 
of fatigue is recognized, large gaps exist in the knowledge about fatigue in soccer, 
its precise effects on performance, and its working mechanisms. The purpose of this 
dissertation was to provide more insight in these matters. More specifically, the first aim 
of the dissertation was to investigate fatigue experiences in competitive soccer matches 
and to assess the role of players’ general performance capacity. The second aim was to 
shed more light on the effects of fatigue on different aspects of soccer performance: i.e. 
perception, decision making, and task execution. The third and final aim was to provide 
more insight in the mechanisms of the fatigue-performance relationship, that is, to 
investigate the roles of players’ physical capacity and motivation in performance under 
fatigue.
To fulfill these aims, we conducted several cross-sectional and experimental 
studies, which were described in Chapters 2 to 5. In this final chapter, a summary 
and discussion of our empirical findings regarding each aim are presented. Thereby, 
theoretical implications, recommendations for future research, strengths and limitations, 
and practical implications of the dissertation are addressed.  
SUMMARY OF FINDINGS, THEORETICAL IMPLICATIONS 
AND FUTURE RESEARCH
Research Aim 1: Match fatigue levels and the role of general 
performance capacity
The aerobic, anaerobic, and mental demands are high in soccer (Bangsbo et al., 2006). 
During a soccer match, players perform on average at 85% of their maximal heart rate 
(Alexandre et al., 2012) and run over 10 km (Bradley et al., 2009; Mohr et al., 2003) of 
which up to 4.5 km may be characterized as high-intensity running (Bradley et al., 2009). 
Such activity is likely to result in fatigue (Mohr et al., 2005). While previous research 
showed that soccer matches were perceived as ‘hard’ to ‘very hard’ (Los Arcos et al., 2016; 
Rampinini et al., 2011; Rampinini et al., 2008), the development of fatigue experiences 
during matches remained unclear. To gain more insight in this matter, a cross-sectional 
survey (described in Chapter 2) was administered among a large sample of elite and 
sub-elite soccer players in the Netherlands. In this survey, we measured players’ fatigue 
feelings during a typical match (i.e. during the first 10 minutes of the first half, the last 10 
minutes of the first half, the first 10 minutes of the second half, and the last 10 minutes 
of the second half ).
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Results showed that fatigue developed during the match and was most prevalent 
during the final part of the match. Fatigue feelings increased in the first half, but 
mostly during the second half. These findings emphasize the role of workload in the 
development of fatigue and concur with decrements in running performance in the 
second half of matches that were found using time-motion analyses (Akenhead et al., 
2013; Mohr et al., 2003; Sarmento et al., 2014). In addition to the increase in fatigue 
feelings during match play, a slight decrement of fatigue feelings occurred during 
half time. However, fatigue feelings at the start of the second half were still elevated 
compared to the start of the match, indicating that half time is simply too short to fully 
recover.
Fatigue levels at the end of the match were, in absolute terms, only moderate. 
Although different scales were applied, observed fatigue levels were lower than 
suggested by previous studies which—based on rates of perceived exertion—pointed 
towards high levels of fatigue at the end of a match (Los Arcos et al., 2016; Rampinini 
et al., 2011; Rampinini et al., 2008). In explaining this difference, it should be noted that 
soccer players in our study reported how fatigued they generally feel during matches, 
whereas other studies assessed fatigue directly after an actual (single) match. In single 
matches, fatigue feelings will vary and, thus, could be lower or higher. Furthermore, 
regarding the different scales that were used in different studies, it should be noted that 
previous studies used a single item rating of perceived exertion, while players in our 
study quantified players’ fatigue experiences across five different items (i.e. feeling tired, 
physically exhausted, mentally exhausted, fit, and weak). Fatigue in soccer matches 
appeared to be most pronounced in feelings of physical exhaustion, tiredness, and 
fitness. In contrast, relatively low scores were observed for feelings of mental exhaustion 
and weakness, which may partly explain the moderate overall fatigue scores. Thus, 
although fatigue seems likely to occur in soccer, more research is needed on the 
magnitude of players’ fatigue feelings.
Interestingly, players’ positions were found to influence fatigue feelings. As 
fatigue depends on workload (Meijman & Mulder, 1998), this result may be explained 
by differences in workload between players on different positions. Previous studies 
using time-motion analyses showed that differences in workload could only explain a 
part of the observed differences in fatigue between defenders and attackers (Bradley 
et al., 2009; Di Salvo et al., 2007). Another speculative explanation for the difference 
between attackers and defenders may be that experiences of running activities differ 
per position. It has been suggested that offensive and defensive players might differ 
in their personality (Allen, Greenlees, & Jones, 2013; Schaubhut, Donnay, & Thompson, 
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2006) and one may speculate that such differences may explain the difference in how 
players experience fatigue. Future research is needed to replicate the effect of player 
position on fatigue feelings and to investigate possible causes of observed differences.
To gain more insight in the origin of fatigue experiences in soccer matches, the 
influence of general performance capacity was investigated. While previous research 
mainly focused on momentary changes in performance capacity (Cockerill et al., 1991; 
Edwards & Waterhouse, 2009; Gallo et al., 2016; Ihsan et al., 2017; Rampinini et al., 
2008), players in our study rated their general levels of physical fitness, psychological 
fitness, and sleep over a three-month period. Accordingly, the influence of more stable 
individual differences in performance capacity on match fatigue could be examined. 
Results showed that players with a lower general performance capacity had both 
higher fatigue scores at the start of a match and larger increases in fatigue scores 
during a match. General performance capacity contributed substantially to fatigue 
at the beginning of a match. Although average fatigue levels at the start of a match 
were low, higher fatigue levels for players with a lower general performance capacity 
may still be important. Especially because fatigue during later phases of a match was 
strongly related to fatigue in earlier phases. Furthermore, general performance capacity 
contributed to the development of fatigue during a match. Although this contribution 
was relatively small, this indicates that despite immediate effects of workload, general 
differences in performance capacity contribute to the rate with which players develop 
fatigue feelings during matches. These findings support the effort-recovery theory in its 
idea that both workload and performance capacity contribute to the development of 
fatigue (Meijman & Mulder, 1998).
Overall, this dissertation showed that fatigue increased during soccer matches 
and reached moderate levels at the end of a match. Furthermore, performance capacity 
was shown to negatively affect fatigue levels at the start of a match and contributed to 
a smaller increase in fatigue during matches.
Research Aim 2: The effects of fatigue on soccer performance
Although fatigue is generally associated with performance decrements, there is still 
much to be learned about its effects in soccer. Previous research mainly focused on 
limited aspects of performance and on a small number of soccer actions (e.g. Russell & 
Kingsley, 2011). To provide more insight in the effects of fatigue on soccer performance, 
we performed both cross-sectional and experimental studies. Self-report data of high-
level soccer players (Chapter 3) showed that almost all aspects of performance were 
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perceived to deteriorate under fatigue, which suggests that apart from the execution 
of specific soccer actions, fatigue might also negatively affect others aspects of 
performance.
For the effects of fatigue on perception, future research is still warranted. Although 
soccer players reported decrements in perception following fatigue (Chapter 3), there is 
only limited objective data on this topic. So far, only one experimental study investigated 
the effects of fatigue on perception in soccer (Casanova et al., 2013). Fatigue was shown 
to alter players’ gaze behaviour, but there is a need for more experimental studies to 
confirm these findings and to investigate different aspects of perception (e.g. visual 
search and spatial estimations).
For the quality of decision making, fatigue did not seem to have large effects 
on performance. Although players perceived their decision-making performance to 
decrease under fatigue (Chapter 3), this effect was relatively small. In addition, the 
objective data from our experimental study (Chapter 4) showed that fatigue did not 
significantly affect players’ interception decisions. Previous studies generally also 
showed null-effects for the quality of decision making under fatigue (McMorris & 
Graydon, 1996a, 1996b; McMorris et al., 1999). However, findings do indicate that 
players could decide to slow down or decrease the frequency with which they perform 
specific actions. Results from our survey (Chapter 3) showed that players perceive a 
decline in the frequency of actions under fatigue. In addition, in our second experiment 
(Chapter 5), fatigued soccer players decreased their speed of acting in a passing task 
while focusing more on the quality of their performance. Such changes presumably 
occur to keep performance at an acceptable level (i.e. to maintain execution quality) 
while keeping effort within limits. Comparable strategy changes following fatigue 
were shown in other types of performance (Aune et al., 2008; Boksem et al., 2006; 
de Koning et al., 2011; Nibbeling et al., 2013), and were also suggested to be used in 
soccer (Waldron & Highton, 2014). In contrast, no effect of fatigue on pacing was found 
in our experiment on interceptions (Chapter 4). Although fatigued players seemed 
to decrease the frequency of interception attempts in our experiment, such an effect 
was not statistically proven. Thus, more objective research is needed to investigate the 
effects of fatigue on decision making in soccer and to find out whether and how players 
determine new strategies under fatigue.
Considering the different performance aspects, it seemed that fatigue was 
perceived to have the largest detrimental effects on task execution (Chapter 3). In line 
with this observation, objective data of the control group in our experimental study 
(Chapter 5) showed that the execution of a passing task deteriorated due to fatigue. 
These findings are consistent with previous research indicating that the execution of 
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some soccer actions typically decreases under fatigue (i.e. shooting, passing, dribbling; 
e.g. Ali, Williams, Nicholas, et al., 2007; Apriantono et al., 2006; Ferraz et al., 2012; 
Impellizzeri et al., 2008; Russell & Kingsley, 2011; Stone & Oliver, 2009). Furthermore, by 
taking a wide range of representative soccer actions into account, our cross-sectional 
study (Chapter 3) indicated that fatigue-induced performance decrements may not 
be limited to shooting, passing, and dribbling, but may also involve other actions such 
as tackling, covering opponents, and putting pressure on an opponent. The impact of 
fatigue on the execution of soccer actions thus seems to be widespread.
Overall, this dissertation suggests that different aspects of performance could be 
negatively affected by fatigue. Task execution on a large range of soccer actions could 
deteriorate under fatigue. For perception and decision making, however, there is still a 
lack of studies or findings are inconclusive, and more experimental studies are needed 
to test the effects of fatigue.
Research Aim 3: The mechanisms of the fatigue-performance 
relation
While in the 20th century most research focused on physiological aspects of fatigue, 
recent theories rediscovered the idea of Mosso that both the muscles and the brain 
are important for performance under fatigue (Mosso, 1904). These recent theories 
(Marcora & Staiano, 2010; Noakes, 2012) question the idea that physiological capacity 
ultimately determines performance decrements under fatigue and—instead—argue 
that perception of effort and motivation play an important role. In general, findings 
from this dissertation support this viewpoint.
The experimental studies described in Chapters 4 and 5 show that soccer players’ 
motivation to perform decreased after fatiguing exercise. This decrease in motivation 
reflects that players are less willing to invest the required amount of effort and supports 
the idea that effort plays an important role in performance under fatigue (Marcora & 
Staiano, 2010; Noakes, 2012). If the level of effort that is needed to continue performance 
rises above the level that a player is willing or able to invest, that player will limit his/
her effort expenditure by adjusting task behaviour. Indeed, the experimental study 
reported in Chapter 5 showed that fatigue reduced players’ motivation and led them 
to adjust their task behaviour, i.e. they performed the passing task slower under fatigue 
than in a non-fatigued state.
The important role of motivation in performance under fatigue was further 
emphasized by our findings that high levels of motivation can limit performance 
decrements under fatigue. Based on self-report data, it was shown that increases in task 
motivation (i.e. self-rated task importance and position-based task importance) were 
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related to smaller performance decrements (Chapter 3). These findings were confirmed in 
the experimental study that was reported in Chapter 5. While performance deteriorated 
under fatigue in the control group, players who received additional motivation showed 
an increase in performance despite being fatigued. Previous studies already showed 
that motivation can enhance performance (e.g. Wilmore, 1968), but—based on our 
studies—we can conclude that motivation affects the fatigue-performance relation 
and, thus, can counteract negative effects of fatigue.
From a theoretical perspective, our finding that high motivation can prevent or 
reduce performance decrements under fatigue shows that effects of fatigue on soccer 
performance are not ultimately the result of reaching physiological limits. Instead, fatigue 
could be considered as a stop signal, which is thought to protect the homeostasis in the 
body and prevent catastrophic biological failure (Meijman, 2000; Noakes, 2012; Noakes 
et al., 2005). With high motivation, this stop signal can be overruled. This fits with the 
psycho-biological model of fatigue, which states that with higher motivation, players’ 
tolerate higher levels of perceived effort (Marcora, 2008; Marcora et al., 2008; Marcora 
& Staiano, 2010; Marcora et al., 2009). In this sense, fatigue could be seen as a cost-
benefit analysis (Boksem & Tops, 2008). The costs of maintaining performance become 
higher with fatigue (i.e. players’ perceived effort increases). When the costs outweigh 
the potential benefits, players will decrease their effort investment. However, when 
players consider maintenance of performance important, their motivation is high and 
higher levels of effort are tolerated. This could result in maintenance of performance 
despite feeling fatigued.
Although players’ actual biological limits are generally not yet reached when 
performance decreases, several physiological changes are associated with fatigue. 
For example, muscle lactate increases, while adenosine triphosphate (ATP) and 
phosphocreatine (PCr) decrease (Little & Williams, 2007; Spencer et al., 2005) after 
strenuous exercise. When overruling fatigue feelings by means of motivation, individuals 
arguably demand more of their bodies and metabolic processes will continue and 
develop towards their biological limits. Eventually, when continuously overriding these 
feelings, players will reach their physiological limits and biological failure will cause a 
drop in performance. Also, in the long run, regularly overriding fatigue feelings may have 
negative consequences as higher exercise intensities and longer exercise durations are 
associated with slower recovery and a decreased subsequent performance (Borsheim & 
Bahr, 2003; Martinmaki & Rusko, 2008; Seiler, Haugen, & Kuffel, 2007; Tomlin & Wenger, 
2001). In addition, overriding these feelings could result in an increased risk of injury 
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and overtraining (Schiphof-Godart & Hettinga, 2017). In this respect, future studies 
need to address the limits of this counteracting effect of motivation and the possible 
negative consequences for recovery and future performance.
Although this dissertation provides further insight in the mechanisms of fatigue, 
there are still some gaps in our knowledge. As discussed before, perceived effort seems 
to play an important role but, so far, it is still unclear how performance under fatigue is 
exactly regulated. Recently, it was proposed that performance under fatigue is regulated 
by a subconscious operational controller based on dynamic systems of physiological 
and psychological drives (St Clair Gibson, Swart, & Tucker, 2017). In this model, negative 
feedback loops (i.e. afferent feedback from the muscles) are important input for the 
weighting and decision making by the controller. However, Marcora (2008) argues that 
there is no need for a subconscious controller to regulate performance and that—
instead—individuals would be able to regulate their performance consciously based on 
their feelings of effort. Furthermore, the claim that afferent feedback causes increased 
sensations of effort (Noakes, 2012; Tucker, 2009) has been questioned (Marcora, 2009, 
2010). The most compelling evidence in this argument are several studies using spinal 
blockades of afferent feedback that showed that such a blockade did not lower perceived 
effort (Kjaer et al., 1999; Mitchell, Reeves, Rogers, & Secher, 1989; Smith et al., 2003) nor 
did it improve exercise performance (Amann et al., 2008; Amann, Proctor, Sebranek, 
Pegelow, & Dempsey, 2009). Therefore, not feedback but feedforward mechanisms 
might be an important determinant of perceived effort (i.e. with perceived effort being 
the conscious awareness of the motor commands activating muscles) (de Morree, Klein, 
& Marcora, 2012). Future studies are warranted to further unravel the mechanisms of the 
fatigue-performance relation and thereby pay specific attention to the role of feedback 
and feedforward mechanisms.
Also, the role of motivation in the fatigue-performance relation needs further 
investigation. In our studies, task importance and a combination of (mostly) extrinsic 
motivational strategies were determinants of players’ motivation. Our conclusions are 
therefore limited to the level (i.e. intensity) of task motivation and future work is needed 
to differentiate between the impact of intrinsic and extrinsic motivation (Ryan & Deci, 
2000). In addition, according to the psycho-biological model of fatigue (and as displayed 
in Figure 6.1A), higher motivation has been suggested to result in individuals tolerating 
higher levels of perceived effort (Marcora, 2008; Marcora et al., 2008; Marcora & Staiano, 
2010; Marcora et al., 2009). However, no support for this effect of motivation on effort 
toleration was found in our second experimental study (Chapter 5) as, in this study, 
perceived effort increased following fatigue but this increase did not differ between 
players who were and were not additionally motivated. An alternative explanation is that 
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high motivation may lower players’ perception of effort (Kurzban et al., 2013). Indeed, as 
depicted in Figure 6.1B, such an effect would explain why players are able to maintain 
their performance for a longer time before reaching the maximal amount of effort that 
they are willing to invest. In addition, it concurs well with previous research showing 
that other psychological factors such as placebo, music, social influence, self-efficacy, 
and reward may reduce feelings of effort and fatigue (Hardy et al., 1986; Hopstaken et 
al., 2016; Karageorghis & Priest, 2012; Piedimonte et al., 2015; Robertson & Noble, 1997). 
Future research needs to further investigate whether motivation increased toleration of 
effort sensations (Figure 6.1A) or decreases these sensations (Figure 6.1B).
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Figure 6.1 The possible influence of motivation on perceived effort during a fixed-paced 
performance under fatigue. On the left (A), motivation is shown to increase the maximal amount 
of effort that players accept. On the right (B), motivation is shown to reduce the feelings of effort 
for performance under fatigue.
Overall, this dissertation showed that psychological factors play an important role 
in the fatigue-performance relation. In this respect, performance decrements under 
fatigue can be seen as a form of task disengagement that follows a cost-benefit analysis 
rather than players reaching their physical limits. Task behaviour is adjusted when 
players are no longer willing to tolerate the higher costs of performance (i.e. perceived 
effort). However, the negative impact of fatigue on performance can be counteracted 
when motivation is high.
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STRENGTHS AND LIMITATIONS
A strength of this dissertation is that both subjective and objective measurements were 
used to study fatigue in soccer. Using subjective measurements (Chapters 2 and 3), we 
were able to study fatigue in competitive matches for a large sample of high-level soccer 
players. In addition, these measurements allowed us to study the effects of fatigue on 
a large range of representative soccer actions and for different aspects of performance. 
Experimental studies (Chapters 4 and 5) were used to evaluate the working mechanisms 
and the effects of fatigue on performance on specific soccer skills. In these studies, the 
effects of fatigue and motivation manipulations were tested using strong designs in 
which we were able to study the isolated effects of these manipulations.
The experimental studies in this dissertation also had relatively high ecological 
validity. By using a soccer-match simulation to manipulate fatigue, similar activities 
to  those in a soccer match were used to resemble match fatigue levels. Furthermore, 
soccer performance was measured by means of a validated soccer passing task and 
an interception task that was performed on an outside soccer pitch. Additionally, 
in contrast to previous studies, we took the role of physical capacity and motivation 
in the effects of fatigue on decision making into account. As outlined in theory and 
partly observed in our studies, fatigue may negatively affect players’ physical capacity 
and motivation and these changes could play an important role in players’ decisions to 
execute certain actions. By instructing players to actually execute their chosen action, 
fatigue-induced changes in physical capacity and motivation were incorporated in their 
decision making.
However, apart from the aforementioned strengths, it is also important to 
acknowledge some limitations. First, by aiming for a high ecological validity in our 
experiment (Chapter 4), the tests were carried out on an outside soccer pitch and the 
measurements were susceptible to external circumstances such as weather conditions. 
Although the design of the study (i.e. the order of conditions was counterbalanced) 
made it unlikely that this affected our overall results, it could have caused extra variation 
and lowered statistical power to detect differences in decision making.
Second, the use of subjective measurements (Chapters 2 and 3) obviously holds 
the possibility of social desirability. Although data collection was anonymous, we cannot 
rule out the possibility that players underestimated their fatigue levels and its effects on 
performance as lower scores are generally socially desirable in a sports setting. On the 
other hand, common sense tells players that the occurrence of fatigue and negative 
effects of performance would be likely and this could result in an overestimation of 
these outcomes (i.e. ‘good subject effect’, (Nichols & Maner, 2008)). However, for the 
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relation between general performance capacity and fatigue levels and the role of task 
motivation in effects of fatigue on soccer performance, results rely on more complex 
interactions which makes it less likely that socially desirable behaviour could explain 
these results.
Third, some subjective measurements in this dissertation were specifically created 
for our studies. These measurements were not previously validated, which can be 
considered as a limitation of these studies. For example, perceived effects of fatigue may 
in fact deviate from actual effects of fatigue on performance. However, we expect high-
level soccer players to have proper insight in the dynamics of their own performances 
(Hanin, 2004), and there is some evidence to suggest that subjective measurements of 
performance have considerable validity for actual performance (Wall et al., 2004).
Finally, the subjective assessment of fatigue, perceived effort and motivation in 
our experimental studies occurred on the basis of single-item measures. Such items 
may not provide insight in the different aspects of a construct However—as “elk nadeel 
heb z’n voordeel [every disadvantage has his advantage]” (Johan Cruijff)—these items 
are user friendly and allowed us to get a quick overview of soccer players’ feelings. 
Such fast measurements are crucial in experimental studies that manipulate fatigue, 
because they prevent a recovery period and related decreases in players’ fatigue levels. 
Furthermore, previous research showed that such single-item measures are a legitimate 
alternative to multi-item measures and have a high face validity (Bowling, 2005; Fisher 
et al., 2016; Robins et al., 2001; van Hooff et al., 2007).
PRACTICAL IMPLICATIONS
From a practical perspective, the findings of this dissertation have several implications 
in soccer. First of all, as fatigue has widespread negative effects on performance, it 
is important to prevent the occurrence of fatigue. Players should have high levels of 
fitness, which means that training load, match load, and recovery should be balanced. 
For example, recovery strategies such as player rotations systems could be needed in 
periods with congested matches, while physical conditioning should be intensified in 
more quite match periods. In addition, players could lower their workload to prevent 
fatigue in a match. Thereby, it is important for players to set the right priorities. By 
pacing efforts on relatively unimportant tasks, players could prevent their fatigue level 
to increase too much. Players might be trained and instructed on which actions they 
should reduce their efforts. Second, for crucial situations or tasks, pacing strategies 
may not be needed as our results indicate that it is possible to keep performance high 
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under fatigue when highly motivated. Again, setting priorities could be essential to 
determine which tasks and situations are crucial. For coaches, it is important to clearly 
communicate their priorities to players in order to prevent detrimental effects of fatigue 
on primary tasks and keep performance on those tasks high. Third, other motivational 
strategies could be warranted to keep motivation high as our findings indicate that 
motivation can counteract performance decrements. In our experimental study 
(Chapter 5), a combination of competition, verbal encouragement, and the prospect of 
financial incentives was used to maintain motivation and performance under fatigue, 
but each of these strategies has previously shown to increase motivation (McCormick 
et al., 2015). However, it should be noted that counteracting performance decrements 
under fatigue—by means of motivation—possibly negatively affects recovery and 
subsequent performance. Therefore, it might be wise to only apply this on the most 
crucial moments. Finally, it is important to note that the findings and implications in this 
dissertation may not be limited to soccer and may also apply to other related sports and 
activities.
CONCLUSIONS
The work in this dissertation provides an initial, theoretically grounded assessment 
of fatigue experiences in competitive soccer and their effect on performance. Fatigue 
levels increase during matches and—besides workload—depend on players capacity 
to deal with this workload (i.e. performance capacity). Although these fatigue levels 
might not reach extreme values in a 90-minute soccer match, they could negatively 
affect different aspects of performance. These decrements do not ultimately follow from 
biological failure, but—instead— depend on psychological factors. Players seem to 
adjust their task behaviour when they are no longer willing to tolerate the higher costs 
of performance (i.e. perceived effort). However, importantly, when players consider 
performance important, their motivation is high and more effort is tolerated. Thereby, 
the negative impact of fatigue on performance could be counteracted.
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SUMMARY
Fatigue is a common phenomenon in daily life and is likely to occur in soccer. Fatigue 
can be defined as a psycho-physiological state that is characterized by physiological 
changes that could negatively affect performance as well as sensations such as feelings 
of low energy and a reduced willingness to exert effort. In sports, fatigue may arise from 
prolonged performance of mental or physical activity (i.e. workload). However, besides 
workload, an individual’s capacity to deal with this workload (i.e. performance capacity) 
also plays a role in the development of fatigue.
Fatigue is generally recognized to negatively affect performance and its underlying 
working mechanisms have been the focus of research for a long time. Traditionally, 
research in sports has mainly focused on physiological mechanisms. However, it 
has recently been argued that reductions in athletes’ physiological capacity do not 
ultimately explain performance decrements under fatigue. Instead, it is proposed that 
psychological factors may play a large role and that fatigue-induced performance 
decrements might be seen as a form of task disengagement. When individuals perform 
the same task for a prolonged time, their perception of effort increases with increased 
time on task. When athletes reach the maximal amount of effort that they are willing or 
able to invest, task behaviour is changed in order to keep their effort within acceptable 
limits. Such changes in task behaviour often lead to decrements in performance. 
However, when task motivation is high, individuals are believed to accept larger 
increases in effort. Therefore they may be better able to uphold their performance 
under fatigue.
Generally, performance can be understood as a process that contains perception, 
decision making, and task execution (i.e. players obtain relevant information from the 
environment, make decisions about which action to perform, and execute the chosen 
action). Although previous research showed that fatigue could negatively affect soccer 
performance, most research focused on the effects of fatigue on the execution of 
physical tasks (e.g. running, sprinting) and the execution of a limited number of soccer 
actions (i.e. shooting, passing, dribbling). For perception and decision making, however, 
the effects of fatigue remain largely unclear.
Against this background, this dissertation aimed to provide more insight regarding 
fatigue in competitive soccer and its potential impact on performance. Our aims were:
1) To provide more insight in players’ fatigue levels during competitive soccer 
matches and to assess the role of general differences in performance capacity.
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2) To shed more light on the effects of fatigue on different aspects of soccer 
performance, that is:
a. Perception;
b. Decision making;
c. Task execution.
3) To provide more insight in the mechanisms of the fatigue-performance relation, 
that is:
a. The role of physical capacity;
b. The role of motivation.
Studies on fatigue in soccer
In Chapter 2, a questionnaire study on players’ match fatigue experiences is described. A 
large sample of soccer players from the highest four division in the Netherlands (N=450) 
reported their fatigue experiences during different stages of typical soccer matches. In 
addition, their general performance capacity (i.e. physical fitness, psychological fitness, 
and recovery) of the last three months was assessed. This tested the idea that fatigue 
does not solely result from accumulated workload that is experienced during a match, 
but also depends on players’ capacity to deal with this workload. Results showed that 
fatigue increased during soccer matches and reached moderate levels at the end of a 
match. Furthermore, low general performance capacity was related to higher fatigue at 
the start of a match and to larger increases in fatigue during matches.
In Chapter 3, a questionnaire study on the perceived effects of fatigue on soccer 
performance is described. A large sample of soccer players from the highest four 
division in the Netherlands (same sample as in Chapter 2) reported perceived effects of 
fatigue on their perception, decision making, and task execution. This was done based 
on several prototypical soccer actions that were selected based on a task analysis of 
the soccer game. In addition to the main effects of fatigue on performance, Chapter 
3 also tested how task motivation may influence the fatigue-performance relation. 
Results showed that players perceived fatigue to negatively affect all aspects of soccer 
performance (perception, decision making, and task execution). However, negative 
effects of fatigue were perceived to be smaller when task motivation was high. That is, 
the negative impact of fatigue on soccer performance was generally smaller when a 
specific soccer action was considered to be more important.
In Chapter 4, an experimental study on the effects of fatigue on decision making is 
described. Before and after a realistic fatigue protocol (i.e. soccer match simulation) and 
a control protocol (watching soccer on television), 30 amateur soccer players performed 
a soccer interception task and a sprint task. During the interception task, players had to 
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decide to intercept or not intercept passes that were given at different speeds. In contrast 
to previous studies, players had to actually execute their decisions, and in this way, take 
their physical capacity and their motivation to invest effort into account. Results showed 
that motivation to intercept but not sprint capacity was negatively affected by fatigue. 
However, despite changes in motivation, fatigue did not significantly affect the number 
of interception attempts or the success rate of these interceptions.
In Chapter 5, an experimental study is described which examined the effects 
of fatigue on soccer passing performance, and directly tested whether motivation 
moderated this relation. Players performed the Loughborough Soccer Passing Test 
before and after a high-intensity fatigue protocol. After the fatigue protocol, before 
starting the posttest, half of the participants received a manipulation that intended 
to increase their motivation (i.e. motivation group; n=30), while the other half of the 
participants served as controls (i.e. control group; n=30). Results showed that in the 
control group, players’ motivation and performance decreased after the fatigue protocol. 
In the motivation group, however, players were able to uphold their motivation and 
increased their performance.
Discussion
In consideration of the main aims of this dissertation, findings are interpreted as follows.
Research Aim 1: Match fatigue levels and the role of general performance capacity
Results showed that fatigue increased during the match and was most prevalent 
during the final part of the match (Chapter 2). These findings emphasize the role of 
accumulated workload in the development of fatigue and concur with previous findings 
in the literature. The observation that fatigue levels at the end of an average match 
were only moderate—and lower than what was suggested by previous studies—may 
be explained by the use of different scales. Thus, although fatigue is likely to occur in 
soccer, more research is needed to appropriately consider the magnitude of players’ 
fatigue feelings.
Besides accumulated workload, general performance capacity was also shown 
to affect match fatigue levels. While previous research mainly focused on momentary 
changes in performance capacity, Chapter 2 examined the influence of more stable 
individual differences in performance capacity. Results showed that players with a lower 
general performance capacity had both higher fatigue scores at the start of a match and 
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larger increases in fatigue scores during a match (Chapter 2). These findings support the 
idea that both workload and performance capacity contribute to the development of 
fatigue.
Research Aim 2: The effects of fatigue on soccer performance
Although fatigue is generally associated with decrements in performance, previous 
research had mainly focused on limited aspects of soccer performance and only 
considered a small number of soccer actions (e.g. passing, shooting). Self-report data 
of high-level soccer players (Chapter 3) showed that all aspects of performance were 
perceived to deteriorate under fatigue (i.e. perception, decision making, and task 
execution). The experimental studies presented in Chapters 4 and 5 confirmed this 
observation for soccer passing performance, but not for interception decisions. Given 
the lack of experimental research investigating the effects of fatigue on perception and 
decision making, more research is warranted.
Research Aim 3: The mechanisms of the fatigue-performance relation
Regarding the mechanisms underlying the fatigue-performance relationship, the 
experimental studies described in Chapters 4 and 5 show that fatigue decreases 
soccer players’ motivation. This decrease in motivation reflects that when they are 
fatigued, players are less willing to accept the increased costs that are associated with 
their performance (i.e. effort) and supports the idea that psychological factors plays 
an important role in performance under fatigue. The important role of motivation in 
performance under fatigue was further emphasized by our findings that show that high 
motivation could limit performance decrements under fatigue (Chapters 3 and 5).
By showing that effects of fatigue on performance can be counteracted by task 
motivation (Chapters 3 and 5), this dissertation shows that that performance decrements 
under fatigue are not ultimately the result of reaching physiological limits. Instead, the 
current results support the perspective that fatigue-induced performance decrements 
reflect some form of task disengagement that occurs with increases in perception of 
effort. When players consider their performance sufficiently important, motivation is 
upheld and high(er) levels of effort are tolerated. This could result in maintenance of 
performance despite feelings of fatigue.
Future studies need to address the limits of this counteracting effect of motivation 
and the possible negative consequences for recovery and future performance. In 
addition, the role of effort and motivation in the fatigue-performance relation needs 
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further investigation. That is, future studies are warranted to examine the origin of 
sensations of effort and to investigate whether high motivation increases the toleration 
of effort or—instead—decreases the sensations of effort (see Chapter 5).
Strengths and limitations
In this dissertation, both subjective and objective measurements were used to study 
fatigue in soccer. Subjective measurements allowed us to assess fatigue experiences and 
perceived effects of fatigue in a large sample of high-level soccer players. In addition, the 
use of a survey allowed us to take a broad range of soccer actions and different aspects 
of soccer performance into account. However, subjective measurements obviously 
hold the possibility of social desirability and—although subjective experiences play an 
important role in determining effects of fatigue on performance—the extent to which 
perceived effects of fatigue adequately resemble actually observed effects of fatigue 
may be limited. These limitations were addressed in our experimental studies, which 
allowed more objective investigation of effects fatigue in a controlled environment. 
Although in our experimental studies we made sure to maintain high ecological validity, 
a natural consequence of the experimental design is that generalizability is more limited 
and that the nature of data collection required us to exchange a multidimensional 
assessment of fatigue and motivation for single-item alternatives.
Practical implications
From a practical perspective, the findings of this dissertation have several implications 
for soccer. First, it is important to prevent the occurrence of fatigue. Therefore, players 
should have high levels of fitness, and recovery strategies might be needed. Second, 
for crucial situations or tasks, it is possible to keep performance high under fatigue 
when highly motivated. Therefore, it is important for players (and their coaches) to set 
priorities  in order to prevent detrimental effects of fatigue on primary tasks. Third, in 
order to maintain high levels of motivation, different motivational strategies might be 
considered (e.g. verbal encouragement, incentives). However, in doing so, it should be 
kept in mind that counteracting performance decrements under fatigue on the short 
term might negatively affect recovery and performance on the long term. Finally, it is 
important to note that the findings and implications in this dissertation may not be 
limited to soccer and may also apply to other related sports and activities.
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Conclusions
The work in this dissertation provides an initial, theoretically grounded assessment of 
fatigue experiences in competitive soccer and their effect on performance. Fatigue levels 
increase during matches and—besides accumulated workload—depend on players’ 
capacity to deal with this workload (i.e. performance capacity). Although fatigue levels 
might not reach extreme values in a 90-minute soccer match, they could negatively 
affect different aspects of performance. A central message of this dissertation is that 
performance decrements due to fatigue do not ultimately follow from biological failure, 
but—rather—appear to depend on psychological factors. When fatigued, players seem 
to adjust their task behaviour because they are no longer willing to tolerate the higher 
costs (i.e. perceived effort) that is associated with their performance. When players 
consider their performance to be sufficiently important, on the other hand, motivation 
is upheld and more effort is tolerated. Thereby, the negative impact of fatigue on 
performance can be counteracted.
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Vermoeidheid is een veelvoorkomend verschijnsel in het dagelijks leven. Vermoeidheid 
kan worden gedefinieerd als een psychofysiologische staat die wordt gekenmerkt door 
zowel i) fysiologische veranderingen die prestatie negatief kunnen beïnvloeden als ii) 
ervaringen zoals een gevoel van weinig energie en een verminderde bereidheid om 
inspanning te leveren. Vermoeidheid tijdens sporten kan ontstaan door het uitvoeren 
van mentale en fysieke activiteiten (werklast). Maar daarnaast speelt ook de capaciteit 
om met deze werklast om te gaan (prestatiecapaciteit) een rol in de ontwikkeling van 
vermoeidheid.
Dat vermoeidheid de prestatie kan verminderen is al langer bekend en ook het 
mechanisme van deze relatie is al langere tijd de focus van onderzoek. Dit eerdere 
onderzoek richtte zich voornamelijk op de fysiologische mechanismes, maar recentelijk 
is geopperd dat de fysiologische capaciteit van sporters niet zozeer de oorzaak is van hun 
achteruitgang in prestatie door vermoeidheid. In plaats daarvan lijken psychologische 
factoren een grote rol te spelen in dit proces. De achteruitgang in prestatie kan daarbij 
eerder gezien worden als ‘opgeven’. Wanneer men voor een langere tijd dezelfde taak 
uitvoert, worden de kosten voor prestatie (perceptie van effort) namelijk steeds hoger. 
Als sporters de maximale hoeveelheid effort bereiken die zij kunnen of willen investeren 
passen zij hun gedrag aan om de effort binnen acceptabele waarden te houden. Zulke 
veranderingen in gedrag leiden vaak tot een verslechtering van prestatie. Echter, 
er wordt gedacht dat wanneer motivatie hoog is, men hogere waarden van effort 
accepteert en daardoor mogelijk beter in staat is om de prestatie op peil te houden 
onder vermoeidheid.
Prestatie kan worden gezien als een proces dat zowel perceptie (relevante 
informatie verkrijgen), het maken van beslissingen (kiezen welke actie uit te voeren) 
en taakuitvoering (het uitvoeren van de gekozen actie) omvat. Ondanks dat eerder 
onderzoek heeft laten zien dat vermoeidheid kan leiden tot een verslechterde prestatie 
heeft het meeste onderzoek zich gericht op de taakuitvoering van fysieke taken (bv. 
sprinten) en van een selectief aantal technische voetbalacties (namelijk schieten, 
passen en dribbelen). De effecten van vermoeidheid op perceptie en het maken van 
beslissingen zijn nog veel minder duidelijk.
Het doel van deze dissertatie was om meer inzicht te geven in vermoeidheid in het 
voetbal en in de potentiële invloed op prestatie. Daarbij waren er drie onderzoeksdoelen:
1) Meer inzicht geven in vermoeidheidservaringen tijdens competitieve 
voetbalwedstrijden en de rol van algemene verschillen in prestatiecapaciteit.
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2) Meer inzicht geven in de effecten van vermoeidheid op de verschillende aspecten 
van voetbalprestatie:
a. Perceptie;
b. Het maken van beslissingen;
c. Taakuitvoering.
3) Meer inzicht geven in de mechanismes van de relatie tussen vermoeidheid en 
prestatie, namelijk:
a. De rol van fysieke capaciteit;
b. De rol van motivatie.
Onderzoeksresultaten
In hoofdstuk 2 is een vragenlijststudie beschreven over de vermoeidheidservaringen 
van spelers tijdens wedstrijden. Een grote groep voetballers die uitkomen in de hoogste 
vier divisies in Nederland hebben hun vermoeidheidsniveaus voor verschillende stadia 
van een typische voetbalwedstrijd gerapporteerd. Daarnaast werd ook de algemene 
prestatiecapaciteit (fysieke fitheid, psychologische fitheid en herstel) van de laatste 3 
maanden gemeten. Hiermee werd het idee getest dat vermoeidheid niet alleen wordt 
veroorzaakt door de werklast van een wedstrijd, maar ook afhankelijk is van de capaciteit 
van spelers om met deze werklast om te gaan. De resultaten van deze studie lieten zien 
dat men meer vermoeid werd naarmate de wedstrijd vorderde en dat men aan het eind 
van een wedstrijd matige vermoeidheidniveaus bereikte. Verder bleek dat een betere 
algemene prestatiecapaciteit zorgde voor lagere vermoeidheidniveaus aan het begin 
van een wedstrijd en ook bijdroeg aan een minder grote stijging van vermoeidheid 
tijdens de wedstrijd.
In hoofdstuk 3 is een vragenlijststudie over de ervaren effecten van vermoeidheid 
op prestatie beschreven. Een grote groep voetballers uit de hoogste vier divisies in 
Nederland (dezelfde onderzoeksgroep als in hoofdstuk 2) rapporteerden hun ervaren 
effecten van vermoeidheid op perceptie, het maken van beslissingen en taakuitvoering. 
Dit deden ze op basis van een aantal typische voetbalacties die waren geselecteerd 
op basis van een taakanalyse van het voetbal. Naast de effecten van vermoeidheid op 
prestatie werden ook de effecten van taakmotivatie op deze relatie onderzocht. De 
resultaten van deze studie lieten zien dat spelers een negatieve impact van vermoeidheid 
op alle aspecten van voetbalprestatie rapporteerden. Deze negatieve effecten van 
vermoeidheid waren echter kleiner bij een hoge taakmotivatie. Dat betekent dat de 
achteruitgang in prestatie onder vermoeidheid over het algemeen kleiner was voor 
belangrijke voetbalacties dan voor minder belangrijke voetbalacties.
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In hoofdstuk 4 is een experimentele studie naar de effecten van vermoeidheid 
op het maken van beslissingen beschreven. Dertig amateur voetballers hebben 
een onderscheppingstaak en een sprinttaak uitgevoerd voor en nadat ze een 
vermoeidheidsprotocol (een voetbalwedstrijdsimulatie) of een controleprotocol 
(voetbal kijken op televisie) uitvoerden. Tijdens de onderscheppingstaak moesten 
spelers beslissen om passes van verschillende snelheden wel of niet te onderscheppen. 
In tegenstelling tot eerdere studies moesten spelers in deze taak hun beslissingen ook 
daadwerkelijk uitvoeren. Daardoor werd hun fysieke capaciteit en motivatie om effort te 
leveren meegewogen in hun beslissingen. De resultaten van deze studie lieten zien dat 
vermoeidheid zorgde voor een verminderde motivatie om effort te leveren maar niet 
voor een slechtere sprintcapaciteit. Ondanks de daling in motivatie bleek vermoeidheid 
geen significant effect te hebben op de frequentie van onderscheppingen of het 
slagingspercentage van deze onderscheppingen.
In hoofdstuk 5 is een experimentele studie naar de effecten van vermoeidheid op een 
passingtaak en de rol van motivatie beschreven. De spelers moesten de Loughborough 
Soccer Passing Test voor en na een vermoeidheidsprotocol (een sprinttaak) uitvoeren. 
Na uitvoering van de sprinttaak werd bij de helft van de spelers—door middel van een 
manipulatie—geprobeerd de motivatie voor de volgende passingtaak te verhogen 
(de motivatiegroep, n=30) terwijl de andere helft van de deelnemers als controlegroep 
diende (n=30). De resultaten van deze studie lieten zien dat spelers in de controlegroep 
na het vermoeidheidsprotocol minder gemotiveerd waren en slechter presteerden. De 
spelers in de motivatiegroep waren echter in staat om hun motivatie en prestatie in 
stand te houden ondanks hun vermoeidheid.
Discussie
Doel 1: Vermoeidheidsniveaus tijdens wedstrijden en de rol van algemene 
prestatiecapaciteit
Onze resultaten laten zien dat vermoeidheid zich ontwikkelt tijdens een wedstrijd en 
aan het eind het meest aanwezig is (hoofdstuk 2). Deze bevindingen benadrukken 
de rol van werklast in de ontwikkeling van vermoeidheid en zijn in overeenstemming 
met eerdere studies. De observatie dat vermoeidheidsniveaus aan het eind van een 
wedstrijd slechts matig waren—en lager waren dan werd verwacht op basis van eerdere 
studies— kan verklaard worden doordat er andere meetinstrumenten werden gebruikt. 
Dus vermoeidheid lijkt waarschijnlijk in het voetbal, maar meer onderzoek is nodig naar 
de hoogte van vermoeidheidsniveaus tijdens wedstrijden.
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De vermoeidheid tijdens wedstrijden bleek deels te worden bepaald door de 
algemene prestatiecapaciteit van spelers. Waar eerder onderzoek zich richtte op 
momentane veranderingen in prestatiecapaciteit, hebben wij ons gericht op de invloed 
van algemene verschillen in prestatiecapaciteit op vermoeidheid tijdens wedstrijden. 
Onze bevindingen laten zien dat spelers met minder algemene prestatiecapaciteit 
hogere vermoeidheidsniveaus hadden aan het begin van een wedstrijd en een grotere 
stijging in vermoeidheid hadden tijdens een wedstrijd (hoofdstuk 2). Deze resultaten 
ondersteunen het idee dat zowel werklast als prestatiecapaciteit bijdragen aan de 
ontwikkeling van vermoeidheid.
Doel 2: De effecten van vermoeidheid op voetbalprestatie
Ondanks dat vermoeidheid over het algemeen geassocieerd wordt met een 
achteruitgang in prestatie, heeft eerder onderzoek voornamelijk gefocust op een 
beperkt aantal aspecten van voetbalprestatie. Zelf-gerapporteerde data van voetballers 
(hoofdstuk 3) laat zien dat spelers ervaarden dat alle aspecten van prestatie (perceptie, 
het maken van beslissingen en taakuitvoering) verslechteren onder vermoeidheid. De 
experimentele studies gepresenteerd in hoofdstukken 4 en 5 bevestigen deze bevinding 
voor passprestatie, maar niet voor beslissingen om te onderscheppen. Gegeven het 
gebrek aan experimentele studies naar de effecten van vermoeidheid op perceptie en 
het maken van beslissingen is er nog meer onderzoek nodig op dit terrein.
Doel 3: De mechanismes van de relatie tussen vermoeidheid en voetbalprestatie
Experimentele studies (beschreven in hoofdstukken 4 en 5) laten zien dat de motivatie 
van spelers om hun prestatie op peil te houden was verminderd na vermoeiende 
inspanningen. Deze afname in motivatie reflecteert dat de spelers minder gewillig 
zijn om de toegenomen kosten die behoren bij hun prestatie (effort) te accepteren 
en ondersteunt het idee dat psychologische factoren een belangrijke rol spelen bij 
prestatie onder vermoeidheid. De belangrijke rol van motivatie wordt verder benadrukt 
door onze bevindingen dat een hoge motivatie de achteruitgang in prestatie onder 
vermoeidheid kan tegengaan (hoofdstukken 3 en 5).
Door te laten zien dat de negatieve effecten van vermoeidheid kunnen worden 
tegengegaan door motivatie (hoofdstukken 3 en 5) laat deze dissertatie zien dat de 
achteruitgang in prestatie onder vermoeidheid uiteindelijk niet zozeer het gevolg is 
van het bereiken van fysiologische limieten. In plaats daarvan ondersteunen de huidige 
resultaten het idee dat een verslechterde prestatie onder vermoeidheid eerder kan 
worden gezien als een vorm van ‘opgeven’ na een toename in ervaren effort. Echter, 
wanneer spelers hun prestatie van groot belang achten is hun motivatie hoog en 
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worden hogere niveaus van effort getolereerd. Zoals gezien in hoofdstukken 3 en 5 kan 
dit resulteren in het in stand houden van hun prestatie ondanks hun gevoelens van 
vermoeidheid.
Toekomstig onderzoek is nodig om de limieten van dit effect van motivatie te 
verkennen en om te bepalen of dit geen negatieve gevolgen heeft voor herstel en 
toekomstige prestaties. Daarnaast is het nodig om de rol van effort en motivatie in de 
relatie tussen vermoeidheid en prestatie verder te onderzoeken. Daarbij is het nodig 
dat studies zich richten op de oorzaak van de gevoelens van effort en het effect dat 
motivatie heeft op zulke gevoelens.
Sterke punten en beperkingen
Zowel subjectieve als objectieve metingen zijn in deze dissertatie gebruikt om 
vermoeidheid in het voetbal te bestuderen. Door subjectieve metingen te gebruiken 
waren we in staat om vermoeidheidservaringen en de effecten van vermoeidheid voor 
een grote groep voetballers van een hoog niveau te meten. Daarnaast stelde dit ons 
in staat om de effecten op verschillende voetbalacties en de verschillende aspecten 
van voetbalprestatie te bestuderen. Echter, door subjectieve metingen te gebruiken is 
er de mogelijkheid dat sociale wenselijkheid een rol speelt bij sommige antwoorden. 
In onze experimentele studies konden de effecten van vermoeidheid in een meer 
gecontroleerde—maar ecologisch valide—omgeving worden gemeten. Echter, het 
gebruik van niet-gevalideerde instrumenten en schalen met een enkel item kan worden 
gezien als een limitatie.
Praktische implicaties
Vanuit een praktisch perspectief hebben de bevindingen van deze dissertatie 
verschillende implicaties. Allereerst is het van belang om vermoeidheid te voorkomen. 
Daarom dienen spelers zo fit mogelijk te zijn en herstelstrategieën kunnen daarbij 
nodig zijn. Ten tweede, in cruciale situaties en voor belangrijke taken is het mogelijk 
om de prestatie op peil te houden onder vermoeidheid. Daarom is het van belang voor 
spelers (en coaches) om duidelijke prioriteiten te stellen zodat de achteruitgang in 
prestatie op belangrijke taken kan worden beperkt. Ten derde, om motivatie hoog te 
houden kunnen andere motivationele strategieën nodig zijn. Daarbij moet wel in het 
achterhoofd worden gehouden dat het tegengaan van de achteruitgang van prestatie 
op korte termijn (door motivatie) mogelijk negatieve gevolgen kan hebben voor herstel 
en prestatie op de lange termijn. Als laatste is het van belang om te vermelden dat 
de bevindingen en implicaties van deze dissertatie zich niet beperken tot voetbal en 
mogelijk ook van toepassing zijn voor gerelateerde sporten en activiteiten.
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Conclusies
Het werk dat beschreven is in deze dissertatie geeft een initiële en theoretisch 
gegronde evaluatie van vermoeidheid in het voetbal en de effecten op voetbalprestatie. 
Vermoeidheidsgevoelens stijgen tijdens wedstrijden en zijn—naast werklast—
afhankelijk van de capaciteit van spelers om met deze werklast om te gaan 
(prestatiecapaciteit). Ondanks dat vermoeidheidsniveaus geen extreme waarden 
bereikten in een 90-minuten durende wedstrijd kunnen verschillende aspecten van 
prestatie negatief worden beïnvloed. Een belangrijke boodschap van deze dissertatie is 
dat de verslechterde prestatie onder vermoeidheid niet zozeer wordt veroorzaakt door 
biologisch falen, maar eerder afhankelijk lijkt te zijn van psychologische factoren. Spelers 
lijken hun gedrag aan te passen op het moment dat ze niet langer gewillig zijn om de 
hogere kosten van prestatie (ervaren effort) te tolereren. Maar wanneer spelers hun 
prestatie belangrijk vinden is hun motivatie hoog en tolereren ze meer effort. Daardoor 
kan de achteruitgang van prestatie onder vermoeidheid worden tegengegaan. 
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